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Tandem Van de Graaff 
Accelerator will aid research at Chalk River 
New design makes 10 Mev machine possible 


Manitoba legislators break the sound barrier 


The characteristics of evaporated CdS and CdSe photistors 23 


Scatter equipment built for Canadian use 


EIA (RETMA) annual meeting report 





Leaders in the design, development and manufacture of TR, ATR, Pre-TR tubes; shutters; 
reference cavities; hydrogen thyratrons; silicon diodes; magnetrons; klystrons; duplexers; 
pressurizing windows; noise source tubes; high frequency triode oscillators; surge protectors. 


A Viking Fable 


When the terrible green monster suddenly appeared alongside the 
good ship Viking Queen, all hands save one promptly disappeared over 
the side into the chill waters of the North Atlantic. Only Lief Smorgas- 
bord, radar operator, remained aboard to face the beast. 

If we may take a trembling Lief from history, we will follow the 
conversation that ensued: 


Lief (trembling): Why . . 


. why didn’t you show up on my scope? 


Monster (in a high, feminine voice): I’m enchanted, that's why! 
Oh, Mr. Viking, I'm just a poor princess who has been bewitched and 
transformed into a teen-age she-sea serpent! If you could answer the 
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Mysterious Riddle, you could break the spell and marry me! 
Lief (still trembling): The Mysterious Riddle? 
Monster (hopefully): It goes like this. 
Heart of that which has no ears, but hears; 
No eyes, but sees; no nose, but knows... 
Tube B or not Tube B, that is the question! 
Lief managed to answer the riddle, breaking the spell and instantly 


transforming the monster into a lovely princess. And so they were married 
and lived happily ever after.* 


* The single word was ““Bomac,” of course. Lief knew “Tube B 
or not Tube B” must refer to Bomac tubes, heart of any radar system 
(“that which has no ears, but hears, etc.””) Smart one, that Smorgasbord. 


of a series... BOMAC LOOKS AT RADAR THROUGH THE AGES 


Offices in major cities—Chicago +» Kansas City. + Los Angeles + Dallas * Dayton » Washington * 
Seattle + San Francisco + Canada: R-O-R Associates Limited, 1470 Don Mills Road, Don Mills 
Ontario + Export: Maurice |. Parisier, 741-745 Washington St., N.Y.C. 14, N.Y. 
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Blueprinting The Future... 


“You'll find them at the intersection of ‘Eleventh and Elm’ 
in any of a thousand little towns... or strung across 
the concrete canyons of a hundred hustling cities. 


You’ll find them sharing the sedate seclusion of a small 
suburban sidestreet . . . or standing, shadowed by a towering 
tenement, a movie theatre, a school, a hardware store... 


You’ll stop—or go—or wait, as they direct; their red and 
green and amber eyes gentling you through a moiling maze of 
taxis, trucks, and public transport; of pedestrians and private cars. 


Their shapes may vary, too—these 
automated sentries which secure our daily safety. 


You’ll see them as a street lamp... familiar, friendly, 
comforting ... guiding your way through winter gloom and 
fragrant summer night. . . or as a fire alarm box, ruddy hued 
and cheerful...a patch of precious colour to add playful 
contrast to the graying, wistful haze of early Autumn dusk.” 


In keeping with their belief that Canada’s future is being 
shaped today, the Northern Electric Company Limited 

is continuously searching for new and better ways to 
bring you more efficient traffic signals, street 
lighting equipment, and fire alarm systems. 


SERVES YOU BEST 
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contributors and special articles in this issue: 


One of the first news releases ever 
to arrive at the CEE office contained an 
artist’s sketch and brief description of a 
new machine that was being designed 
for installation at Chalk River. 

Now this tandem Van de Graaff has 
been built and successfully passed initial 
tests at the factory. It is being moved to 
its permanent site at Chalk River and 
should be in operation by late fall. 

Two authors give the full story of 
this significant event. Dr. H. E. Gove 
will be one of the scientists at Chalk 
River using the accelerator. Since he has 
been in on the development from the 
start, he was able to provide a clear story 
of facilities at Chalk River, how the new 
accelerator would be used and what 
other equipment was being designed to 
work with it. 

Dr. Gove is in charge of Nuclear 
Physics II at Chalk River. 


Design features of the tandem Van 
de Graaff have been supplied by John 
L. Danforth, vice-president, Mechanical 
Engineering, High Voltage Engineering 
Corp. Mr. Danforth has been responsible 
for much of the design work on the 
accelerator. : 

The machine at Chalk River is the 
first to go into operation, but it will have 
company in the near future. High Volt- 


age Engineering Corp. is building two 
more accelerators, one for the Univer- 
sity of Wisconsin and one for Florida 
State University. 

In England Metropolitan-Vickers Elec- 
trical Co. Ltd. is collaborating with the 
United Kingdom Atomic Energy Autho- 
rity in the design of two tandem electro- 
static generators. From the initial re- 
ports, there appear to be two major dif- 
ferences between these and the American 
machines. They will be vertical instead 
of horizontal (a difference in building 
economics primarily) and the electrons 
are stripped from the negative ion by 
passing them through an extremely thin 
foil inside the central terminal. The 
American machine uses gas in the strip- 
ping chamber as you see when you read 
Mr. Danforth’s story. 


Dr. D. A. Anderson (Characteristics 
of evaporated CdS and CdSe photistors) 
was born in Middle Sackville, N.B., in 
1918, educated at Mount Allison and 
McGill University. He worked at Na- 
tional Research Council during the early 
days of radar, and has been with Cana- 
dian Marconi Company since 1949, 
where he is now Chief Physicist in charge 
of the Research Department. As such 
his special interest has been in solid state 
physical research and practical aspects 


of the components such as photoconduc- 
tors and semiconductors which are the 
result of his work. 

Dr. Anderson has a particular interest 
in the stimulation of industrial research 
in Canada, and has spent a considerable 
amount of energy toward this considera- 
tion. He was married in 1949 and has 
two children. 


J. A. Grant (Scatter equipment built 
for Canadian use) started his radio career 
at the age of 13 by building a radio 
receiver. At 20 he took out his ham 
operator’s ticket and has maintained a 
station since then. 

Mr. Grant was born in Montreal. His 
education started with public school in 
Saint John, N.B., and culminated in a 
B.Eng. degree (Electrical) from McGill 
University. Experience in radio trouble 
shooting, and helping to establish a radio 
communications system in Quebec pre- 
pared him for future work with Northern 
Electric Co. He joined the company in 
1942 and was appointed Chief Engineer 
of the Belleville Plant in 1955. 

Between 1952 and 1954 Mr. Grant 
was loaned to DDP as Equipment Chief, 
Radar, reporting to the Associate Direc- 
tor of the Electronics Branch. 

Power boating is one of Mr. Grant's 
favorite pastimes. Odds are that he has 
the only power boat on the Bay of 
Quinte without a radio. 
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RCA VICTO 


at work... 


RCA Victor is proud of the part it plays in Canada’s 
defence planning by conducting research, development and 


production in all phases of Defence Electronic Systems technology. 


The search for the talent necessary for this important work 
will never end. Perhaps you—or someone you know—is 

an engineer who would be interested in working with 

this creative group and meeting its challenges. If so, simply 
contact Dr. J. J. Brown, RCA Victor Company, Ltd., 


1001 Lenoir Street, Montreal, Quebec. 


RCA VICTOR COMPANY, LTD. 


MONTREAL 
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News highlights... 


Exhibition space going well. . . 


F. J. Heath, IRE Exhibits Chairman, recently announced that more than half of 
the exhibition space for the October 8, 9 and 10 Convention was sold during 
the first three weeks of booking. He predicted that there would be more ex- 
hibitors this year who would cover an even broader range of products, services 
and scientific achievements. 


IRE banquet speaker announced .. . 


Col. K. R. Swinton, vice-president of Encyclopaedia Britannica of Canada Ltd., 
will be the guest speaker at the 1958 IRE Canadian Convention Banquet, to be 
held October 9 in Toronto. He is well-known in electronics and education 
circles in Canada. 


Stick to your ivory towers .. . 


Dr. E. W. R. Steacie, NRC president, told 300 delegates to the 13th Congress 
of the Canadian Association of Physicists that the “ivory tower" was the place 
for them, and to stay in it. He warned that the greatest danger to the posi- 
tion of pure science was the recent development of a social consciousness in 
the scientific community — an interesting contrast to Dr. Marcus Long's com- 
ments at last year's IRE Convention Banquet. 


Protest U.S. order going to Canadians .. . 


Lowest offers in competitive bidding on a $750,000 USAF contract for the 
manufacture of radomes for radar installations were made by two Canadian 
companies: Fleet Manufacturing Ltd. and the Long Sault Co. Possibility of the 
contract being awarded to a Canadian firm was protested by two members 
of Congress, but it is thought unlikely that the final decision on the award 
will be affected. 


Electrohome president sees bright future . . . 


Record sales in 1957 and a forecast of continued improvement as retail sales 
climb even higher in 1958 were included in the annual report to shareholders 
by Carl A. Pollock, president of Dominion Electrohome Industries Ltd. Similar 
reports are coming in from the U.S. Sylvania’s Home Electronics Division, for 
example, are planning to introduce more new products in 1958 than in any 
previous year since they started making TV sets in 1949. 


Defense electronics —the 1957 figures . . . 


Statistics included in the 1957 report of the Department of Defence Production 
relating to electronics and communications equipment are given below. More 
complete extracts will appear in our August issue. 

(Thousands of Dollars) ——— 





1957 1956 
Jan. 1-Dec.31 Jan. 1 - Dec. 31 
Contracts placed in Canada ........... 103,374 88,328 
Contracts placed in United States ........ 18,964 15,285 
Contracts placed in United Kingdom ..... 721 1,342 
ee a ee 123,209 105,304 
Expenditures on Canadian contracts ..... 85,534 117,400 
Expenditures on U. S. contracts ......... 11,356 9,730 
Expenditures on U. K. contracts ......... 1,636 2,432 
Total expenditures on contracts ......... 98,676 129,670 
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Rogers 6155 is a Special Quality Trans- 
mitting Tetrode witha proven longer life perform- 
ance over its equivalents. Extended life is assured 
through its powdered glass construction and the use 
of a rugged zirconium coated graphite anode which 
guarantees freedom from gas deterioration. 


The 6155 is recommended for use in broadcasting, 





communication and television transmitters as a 
replacement for the 4-125A or 4D21. It requires less 
i drive and has a plate dissipation of 125 watts. The 
6155 Tetrode has maximum ratings to 120 Mc/s, and 
its typical output in class C telegraphy is 375 watts. 
*Rogers Special Quality tubes are finding more and more applications 
in all types of professional equipment. The greater reliability and 


lower maintenance cost of the apparatus in which they are used more 
} than compensates for the higher initial cost. 


















JROGERS 


electronic tubes & components 


A DIVISION OF PHREFLEFS BL BGCTRONICS tmnousteries tte 
116 VANDERHOOF AVENUE, TORONTO, ONTARIO / BRANCHES: MONTREAL, WINNIPEG, VANCOUVER 


*& Rogers ‘Electronic Tubes are sold through Canada’s Independent Electronic Parts Distributors 
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People in the industry 





Federal Wire & Cable appoints 
Clarke general sales manager 


J. B. Clarke, M.E.LC., has been 
appointed general sales manager of 
the Federal Wire & Cable Division of 
H. K. Porter Co. (Canada) Ltd. Mr. 
Clarke, an electrical engineering grad- 
uate of the University of Manitoba, 
joined Federal Wire & Cable in 1948 
as sales representative in the eastern 
Ontario and Montreal area. Prior to 
this he spent two and a half years as 
an engineer in the Rural Electrifi- 
cation Department of the Manitoba 
Power Commission. In 1950 Mr. 
Clarke was assigned to the Lakehead, 
Manitoba, Saskatchewan and the Al- 
berta territories as district sales man- 
ager. 


CSA committee 
on dielectrics 

The Canadian Standards Associa- 
tion has formed a committee on di- 
electrics under the chairmanship of 
John Hart, B.Sc., Ph.D. Mr. Hart is 
associate professor of physics at Car- 
leton University, Ottawa. 

Other members of the special com- 
mittee are: F. Ashworth, Canada Wire 
& Cable Co. Ltd.; F. A. Goba, Cana- 
dian Westinghouse Co. Ltd.; W. G. 
Hoyle, National Research Council; D. 
C. King, CSA Testing Laboratories; 
Prof. A. J. Kravetz, University of To- 
ronto; M. Kurtz, Ontario Hydro; J. T. 
Madill, Aluminum Co. of Canada 
Ltd.; L. P. Mahon, Canadian General 
Electric Co. Ltd.; Professor K. C. 
Mann, University of British Columbia. 

The committee has been established 
to provide a forum for discussion and 
facility for the standardization of elec- 


Clarke 
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trical insulating materials on a na- 
tional basis. It will also provide a base 
for the standardization of AIEE No. 
1, and will establish electrical insulat- 
ing material standards consistent with 
the needs of the Canadian economy. 
Testing methods will also be its con- 
cern. 


Dominion Electrohome aims at 
industrial electronic sales 

The technical products division of 
Dominion Electrohome _ Industries 
Limited has acquired the services of 
J. R. Court as sales manager. He will 
be in charge of the sale of industrial 
electric and electronic equipment for 
use in the manufacturing and process 
industry in Canada. 

Prior to joining Dominion Electro- 
home Mr. Court had experience with 
Varian Associates of Canada Ltd. as 
sales manager, and Canadian General 
Electric Co. Ltd. as a project engineer. 
During the war he served as a radar 
technician in the RCAF. Upon his 
discharge, he attended the University 
of British Columbia from which he 
graduated in 1951 with the degree of 
Bachelor of Applied Science in Elec- 
trical Engineering. 


Six new officers for Northern 
Telephone Co. Ltd. 

At a meeting of directors of 
Northern Telephone Company Ltd. 
held recently, Donald McKelvie was 
appointed president of the company 
to fill the vacancy on the board caused 
by the death of the former president, 







































F. L. Hutchinson. Mr. McKelvie join- 
ed the company in 1937, was elected a 
director in 1950 and appointed gen- 
eral manager in 1952. He will con- 
tinue to act as general manager of the 
company. 

Richard A. H. Taylor was appoint- 
ed vice-president. Mr. Taylor has been 
a director of the company since 1949. 
He is president of the George Taylor 
Hardware Limited. 

Rowen T. Hutchinson was elected a 
director to fill the vacancy on the 
board. Mr. Hutchinson is a partner in 
the firm of Nixon, Begg & Hutchin- 
son, general insurance agents and real 
estate brokers. 


CEWA elects 
new officers 

At its third annual meeting, the 
Canadian Electronic Wholesalers’ As- 
sociation elected Leo Rosenberg as 
president and chairman of the board 
for the year 1958-59. Supporting Mr. 
Rosenberg on this year’s directorate 
on the association are O. L. Dell of 
Belleville, who was elected vice-presi- 
dent, and the following directors: 
M. L. Poole, London, Ont.; M. I. 
Rosenthal, Canadian Electrical Supply 
Co. Ltd., Montreal and Toronto; J. E. 
Sacker of Sacker Electronics Co. Ltd 
of Edmonton, Alta.; John Dunn of 
Hygrade Radio Limited, Vancouver, 
B.C. John T. Rochford, Toronto, is 
secretary-treasurer of the association. 

The western division of CEWA held 
its annual meeting prior to the general 
meeting of the association and elected 
W. H. Cowley of Canadian Elec- 
tronics Limited, Edmonton, Alta., as 
its president. Supporting him for the 
year will be J. Dunn, Vancouver, as 
chairman; Al Rosenberg, Winnipeg, 
vice-chairman; J. E. Sacker, Edmon- 
ton, A. Clarke of Vancouver, and 
A. D. Burneski of Brandon as direc- 
tors. 
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New Xenon-filled Westinghouse THYRATRON 
TUBES IMPROVE welding equipment efficiency! 


TUBE TYPE 


WL5796 
WL5877 
WL5878 


FILAMENT 
‘olts Amps 


2.5 
2.5 
2.5 


CHARACTERISTICS: 


VOLTS PEAK ANODE AMPS 
Peak Avg. 
1.6 
3.2 
64 . 


HEIGHT DIAMETER 
Inverse Forward 

8.5 1500 
10.8 1500 


21 1500 


1500 20 
1500 40 
1500 80 


5%" 
57%" 
6%" 


19/16" 
1%" 
2 3/16" 





Compact new design saves space, gives 
superior performance and uniform quality! 


If you are designing new welding equipment, you'll find 
new Westinghouse Xenon-filled Thyratrons the most 
advanced you can use. 


Check these outstanding performance characteristics: 

@ 12 to | peak to average anode current rating. 

@ 1,500 volt forward and inverse voltage rating. 

@ 15 second averaging time. 

@ Operate in broad ambient temperature limits (—55 
to 70°C). 

@ Fast cathode heating time. 

@ Small compact construction. 

These new tubes will improve performance in existinz 

equipment, too. Check your tube complements now to 

find replacement applications for Westinghouse Xenon- 

filled Thyratrons. 


Electronic Tube Division 


Direct Interchangeability 


Westinghouse Type Replacement For 


WL5796 6478 
WL5877 5544, 730 
WLS5878 5545, 6807, C6J, 5685, C6J/K, 


760, 761, 6858 


you CAN BE SURE...iF ITS 


Westinghouse 


° Hamilton, Ontario 





For further information mark No. 


12 on our Readers’ Service Card 


CANADIAN ELECTRONICS ENGINEERING JULY 1958 




















Reports from the industry 





Surveyors have seen a “revolution 
through electronics”’ 


Every four years the senior repre- 
sentatives of the Hunting Group of 
Air Survey Companies meet to ex- 
change ideas and experience. This 
year they met in Canada as guests of 
Hunting Associates Ltd. 

Speaking in Toronto, Mr. C. P. M. 
Hunting had this to say. 

“The Hunting Group of air survey 
companies, in each of which my 
family have a financial interest, con- 
sists of a closely knit group of com- 
panies based in the United Kingdom, 
Canada, South Africa, Australia, New 
Zealand, the United States, Latin 
America and elsewhere who work to- 
gether for their mutual support and 
interest. While each company in the 
Group has its own affiliations, local 
shareholders and local management, 
the Group connection enables us to 
pool experience, pool research and 
provide better service to our wide 
clientele throughout the world. 

“You might be interested to know 
that the Group operates on air survey 
42 aircraft throughout the world, of 
which 16 are in Canada. We also em- 
ploy a staff of over 1,200 engineers 
and technicians, of which 500 are in 
the Canadian group of companies. 

“The meeting in Toronto is partic- 
ularly welcome as during the last four 
years there has been a sizeable revolu- 
tion through electronics in our meth- 
ods and much of the new instrumenta- 
tion research and development. has 
been carried out here in Canada. 
Where appropriate, we have, and will, 
introduce these new Canadian ideas 
to other parts of the world.” 


Defence contract fosters 
“Buy in Canada” 

According to the terms of a con- 
tract awarded to the Stewart Warner 
Corp. of Belleville, Ontario, all tools 
and components must be made in 
Canada. The contract is for $2,000,- 
000 of electronic equipment and will 
provide employment for between 100 
and 125 additional workers at the 
Stewart Warner plant. 


Stereophonic record equipment 
on Canadian market 
Dominion Electrohome Industries 
Ltd. introduced their stereophonic 
equipment at the annual meeting of 
the company last month. 
Electrohome officials stated that 
they fully expect to have their dealers 
supplied with a choice of units, fully 
adaptable to stereo sound, by the fall. 
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At that time there will be on the mar- 
ket for the consumer, a line of inte- 
grated stereo products to cover the 
low, medium and high performance 
range. 

As far as the future of stereo is 
concerned, Electrohome sales people 
are convinced that, in the next two 
to five years, all Hi-Fi sets will be 
equipped for stereo. 


You have to get out 
and sell 

“There is every indication that the 
sale of radio and TV receivers is on 





The only man who has tried to sell 
me anything in the past year is an in- 
surance agent. But I am over 60 


the upswing, but manufacturers can’t 
expect to stay in business unless they 
get out and sell. We have been in a 
sellers’ market too long and some 
people have forgotten how to sell. 

“The public needs and wants your 
products, but you must get out and 
sell them.” 

This was the advice given to the 
electronics industry by F. W. Rad- 
cliffe, General Manager, Electronic 
Industries Association of Canada. He 
spoke at the recent meeting of the 
Transformer sub-committee, Compo- 
nents Division at Dundas, Ontario. 


Computers are becoming 
essential in business 

Five years ago most computers were 
special purpose instruments for use 
in research work or military applica- 
tions. The situation has changed, how- 
ever, and most of the computers now 
are being designed for business and 
industrial use. This fact was brought 
out at the first Canadian Conference 
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for Computing and Data Processing, 
held at the University of Toronto re- 
cently. 

Delegates were told that some com- 
panies tried to justify the capital out- 
lay for computing equipment on the 
basis of labor cost reduction. How- 
ever, the real reason for installing the 
equipment is being recognized by 
more and more companies. Without 
computers, the company of the future 
will not be able to compete success- 
fully in the Canadian market. 


Belgian air force technicians 
trained at Montreal 

Twelve Belgian Air Force techni- 
cians, under the command of 2nd Lt. 
R. A. G. Lefebvre, returned to Bel- 
gium recently after being trained by 
Canadian Aviation Electronics Ltd., 
in Montreal in the repair and overhaul 
of the Hughes MG-2 Fire Control 
System. This is the electronic brain 
which controls the armament of the 
CF-100 Canuck aircraft manufactured 
by AVRO Aircraft. 


Ferranti Electric and Packard 
Electric merge 

Ferranti Electric Ltd., Toronto, and 
Packard Electric Co. Ltd. of St. Cath- 
arines have merged under the name of 
Ferranti-Packard Co. President and 
chief executive is Thomas Edmondson 
from Packard. Ferranti’s Dr. J. M. 
Thomson has been made chairman of 
the board of directors. 


DDF electronics contracts for 
April 16-May 15 

Companies receiving unclassified 
contracts during the above period 
were: Andrew Antenna Corp., elec- 
tronic equipment, $29,757; Ampex 
American Corp., electronic equipment, 
$21,550; Bayly Engineering Ltd., re- 
pair and overhaul of ground and air- 
borne electronic equipment, $20,000 
and $88,500; Beaconing Optical & 
Precision Materials Co. Ltd., equip- 
ment, $26,533; Bell Telephone Co. of 
Canada, rental of telephone and tele- 
type, $1,413,000; B.C. Telephone Co., 
rental of telephone and _ teletype, 
$259,000; Brunswick-Balke-Collender 
Co., repair and overhaul of radomes, 
$50,000; Canadian Arsenals Ltd., 
equipment, $254,187 and $417,319; 
C.N. Telegraphs, rental of telephone 
and teletype, $588,000; C.P. Railway, 
maintenance and rental of teletype and 
telephone, $15,000, $17,000 and 
$294,000; Electronic Laboratories of 
Canada, Ltd., repair and overhaul of 
electronic equipment, $10,000; North- 
ern Electric Co. Ltd., radar spares, 
$203,986; Northern Radio Mfg. Co. 
Ltd., equipment, $12,441; R.C.A. 
Victor Co. Ltd., microwave equip- 
ment, $125,436 and technical publi- 
cations, $14,099; Tellurometer Canada 
Ltd., equipment, $66,994. 





so~- 





where modern styling is required... 























These NEW Simpson Panel Instruments are not only functional, but 


sleek and clean of line for ultramodern panel styling. Conservative, 






traditional case designs still have their place, but with Simpson 






instruments you have complete freedom of choice. 






Circuits too can go modern and Bach-Simpson facilities are com- 


pletely flexible in all phases of movement design to meet the most 






exacting or advanced requirements. Never discard any 
equipment design requiring unusual instrumentation 


without first consulting us. 


IN U.S.A.: SIMPSON ELECTRIC COMPANY, 1255 Brydges St 
5200 W. KINZIE STREET, CHICAGO 44, ILLINOIS 


London, Ontario 


H-6948 


For further information mark No. 11 on our Readers’ Scrvice Card 
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ELECTRONICS and NUCLEONICS 


your finest opportunity to show your products 
to the finest prospects— 


For three full days, you can display and demonstrate your 
products and services at low cost, to a concentrated 
audience which you cannot meet again for a year. 


Your audience will be eager to see all it can, learn all 
it can, and above all, be receptive to your message. 


During those three days you and your representatives will 
meet the key men who make or influence buying 
decisions about your products. 


Act NOW! to reserve space. Write to-day for 
illustrated brochure. 


OCTOBER 
8-9-10 


AUTOMOTIVE BUILDING., C.N.E., TORONTO 


Office—1819 YONGE STREET, HUdson 8-7768 
Sponsored by the Canadian Sections of the Institute of Radio Engineers 





For further information mark No. 16 on our Readers’ Service Card 
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In the field of radio and telephone 
communications equipment, Lenkurt 
and Automatic Electric need little 
introduction. Working together, 

this famous team serves you in the 
new and growing field of data 
transmission. 


Many types of Lenkurt standard 
commercial equipment already in 
use meet the exacting requirements 
for data transmission, and 
Automatic Electric engineers are 
fully qualified to advise you on 
these applications. So call 
Automatic Electric—and let the 
“big team of two”’ supply you with 
the information, equipment and 
service necessary to make data 
transmission a valuable addition 

to your facilities. 


Find out how Lenkurt and 
Automatic Electric, working 
together, can help solve your 
data transmission or other 
communication problems. 


For complete information write or call your nearest 
Automatic Electric office. AUTOMATIC ELECTRIC 
SALES (CANADA) LIMITED, 185 Bartley Drive, 
Toronto 16, Ontario. Branches in Montreal, Ottawa, 
Brockville, Hamilton, Winnipeg, Regina, Edmonton, 
Vancouver. 


ORIGINATORS OF THE DIAL TELEPHONE 


For further information mark No. 10 on our Readers’ Service Card 
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Why penalize radio and TV receivers? 


Television and radio manufacturers justifiably expressed bitter disappointment and 
shocked surprise when the recent budget did not remove the 15% excise tax from 
radio and television receivers, electronic phonographs, tubes and associated 
components. 


These products, which make up the major portion of the electronic industry's 
sales, are the only durable consumer goods taxed at 15%. Automobiles 

are at 742% and excise tax was removed from most electrical appliances in 1953. 
In fact, the only other item on which a 15% excise tax now exists is cigars. 


The Board of Directors of the Electronic Industries Association of Canada 
(formerly RETMA of Canada), at their recent 29th annual meeting, passed 

a resolution to ask the Government why the electronics industry is being 
discriminated against. With sales artificially retarded by the 15% excise tax, the 
Government is being asked to provide valid reasons for its retention, 

especially in view of the fact that the tax is causing unemployment and 
hardship in the industry. 


The excise tax on radio sets, and later on television sets, was imposed as a 
“temporary” measure as far back as 1940. Eighteen years later it is still being 
levied, to help finance the CBC. EIA rightly maintains that the CBC should 
be totally financed from general revenue and the 15% excise tax 

abolished immediately. 


The reasons to be given by EIA in support of their request are all extremely 
valid. They will point out the declining rate of television receiver production; 

the importance of lower prices as an aid to penetration of the remaining 
market for television sets; the vital necessity of a healthy electronics industry in 
relation to Canada’s national defense; the unfairness of removal of the 

excise tax from competing consumer products; and the fact that the CBC is no 
longer adequately supported by the tax. In addition, there is the obvious 

inequity of applying the tax to phonographs and record players, which can 

in no sense bring a CBC service to the public. 


Finally, and possibly most important, this tax involves the principle, unique in 
the history of Canadian taxation, of allocating the tax dollars collected from 

one group of products to the financing of a specific operation — a principle which 
we trust is not intended to be applied in other areas. 


Nucleonic News 


Recognizing the increasing importance of those aspects of the nucleonic science 
and industry which are not directly related to the generation of electrical 
power, CEE will introduce next month a new department, to be known as 
“Nucleonic News.” Appearing in alternate issues, this new page will keep our 
readers fully informed on developments in Canada and across the world. 


THE EDITOR 
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Tandem Van de Graaff 








Fig. 1. Sketch of the 10 Mev tandem Van de Graaff particle accelerator in its building at Chalk River, Ontario 


10 Mev particle accelerator will aid 
nuciear research at Chalk River 


For some types of nuclear research, the Van de 
Graaff electrostatic generator has proven to be 
most useful. The world’s first tandem Van de 
Graaff being installed at Chalk River will permit 
studies of nuclei heavier than calcium 


A powerful new research tool is being installed at 
Chalk River to assist in studies of the properties of various 
elements. It is the 10-Mev Tandem Van de Graaff acceler- 
ator designed and built by High Voltage Engineering Cor- 
poration, Burlington, Massachusetts. When completed later 
this year, it will be the first machine of this type ever to 
go into operation. 

rhis paper is a brief discussion of the operating prin- 
ciple of the tandem accelerator and its advantages as a 
nuclear physics research instrument, The building which 
will house the machine and the experimental equipment 
at Chalk River is described. Then an example of a typical 
experimental arrangement is given, including information 
on the automatic data collecting and recording techniques 
which will be used. 

The tandem accelerator design has evolved directly 
from that of a conventional Van de Graaff electrostatic 
generator. Machines of this type have proven to be excep- 


“Atomic Energy of Canada Ltd., Chalk River, Ontario 
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tionally useful for investigating the properties of the 
nucleus. The reasons for this are: 1) the Van de Graaff is 
capable of producing a tightly collimated beam of charged 
particles. 2) Voltages can be varied continuously from zero 
to six or seven million volts, 3) At any given voltage, sta- 
bility can be maintained within one part in a thousand or 
better. 

Che operating principle of the conventional electrosta- 
tic generator is illustrated in Fig. 2. An endless belt B of 
rubberized fabric is made to run over two pulleys placed 
one above the other. Electric charge from a power supply 
G is sprayed on to the lower end of the rising half of the 
belt by means of corona discharge from the points of a 
metal comb C. This charge is carried up by the belt and, 
at the top enters a spherical hollow metal terminal T, to 
which the charge is transferred from the belt by means 
of another comb C!. Alternatively, charge of the opposite 
sign is sprayed onto the belt, supplied by another power 
supply G! inside the terminal, In this way the positive 
charge on the terminal is continually built up, the potential 
obtained being limited only by the rate at which it leaks off. 

An evacuated tube consisting of alternate sections of 
glass and metal connects between the terminal and ground. 
An ion source mounted at the upper end of this tube sup- 
plies positively charged particles such as protons and these 
are accelerated through the potential difference between 
the terminal and ground. The higher the maximum voltage 
to which the terminal is required to be raised, the longer 
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the accelerator tube and the larger the diameter (and ca- 
pacity) of the terminal. 

Six to seven million volts is the practical limit because 
beyond this the total stored energy in the terminal is so 
great that the occasional arc discharge from the terminal, 
which occurs under the best of conditions, would cause 
considerable damage. 


New techniques lead to higher particle energies 


A method of achieving higher particle energies from 
the same terminal voltage became possible when scientists 
learned how to produce negatively charged hydrogen ions 
(protons to which two electrons have been attached). Such 
ions are produced in an intensity of one part in a hundred 
when a beam of protons, accelerated through a potential 
difference of about 20 kv, is allowed to pass through 
hydrogen gas. If such a negative ion source is located at 
ground potential at the bottom of the accelerating tube, the 
ions will be accelerated up to the positively charged term- 
inal. Inside the terminal they pass through a very thin 
absorber such as a low pressure gas cell which removes 
both electrons changing the charge from positive to nega- 
tive. If another accelerating tube co-linear with the first is 
erected on the top of the terminal with its other end term- 
inating at ground potential the positively charged protons 
will receive an additional acceleration arriving at the 
ground end of this second tube with an energy correspond- 
ing to an acceleration through twice the terminal potential. 
This is the principle of the tandem accelerator, In prac- 
tice the machine built by High Voltage Engineering will 
have the axis of the accelerating tubes horizontal. 

A skeich of the accelerator in the building at Chalk 
River is shown in Fig. |. In the foreground is the large 
pressure tank which contains the tandem generator, It is 
filled with dry nitrogen to provide adequate insulation 
against electrical discharges from the high voltage terminal 
midway along the tank. 

At one end of the tank is the negative ion source which 
will produce not only negative hydrogen ions, but also 
deuterium and tritium ions and heavier ions up to nitro- 
gen. Recent studies in the U.S.S.R. even indicate the feas- 
ibility of producing negative helium ions. 

The maximum potential on the high voltage terminal 
will be five or possibly six million volts. The negative ions 
will be accelerated toward the terminal, stripped of their 
electrons, and then accelerated away from the terminal 
through the second half of the machine. Hydrogen-like 
ions will leave the tank with energies as high as 10 to 12 
million electron volts. They will be bent through 90 deg. 
by the first magnet which also provides a very precise 
method for stabilizing the potential on the high voltage 
terminal. They then pass through another magnet which 
can bend them + 25 deg. horizontally or 25 deg. up from 
the horizontal direction. From this magnet they proceed 
through a three-foot thick shield wall into the target room. 


Tandem generator will probe nuclei heavier than calcium 


For the past few years at Chalk River we have been 
using a Van de Graaff accelerator capable of producing 
a variety of charged particles whose energy can be varied 
between 0.4 and 3.0 Mev to investigate the properties of 
levels in light nuclei (that is, nuclei lighter than calcium). 
The tandem generator will permit a logical and vital ex- 
tension of these measurements, The nucleus of an atom 
can exist in a number of discrete energy states and can 
be made to change from its normal, or ground state, to a 
higher excited state by adding energy to it. In general, 
these energy states up to about 8 Mev above the ground 
state can re-emit energy only in the form of high energy 
x-rays (called gamma rays). In this way an excited nucleus 
can return to its ground state. Above about 8 Mev it is 
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possible for the nucleus to emit particles in order to de- 
crease its energy. 

Much of our experimental work has consisted of doing 
the reverse of the latter process; that is, adding a fairly 
low energy particle to a nucleus in its ground state to pro- 
duce another nucleus which is excited to an energy of 
8 Mev or above. In addition, one can add particles from 
our present machine up to 3 Mev in energy to a nucleus 
which re-emits them with a lower energy and is left with 
an excitation of 3 Mev or less. 

In general, with the present machine, it is possible to 
study the properties of energy levels in light nuclei between 
0 and 3 Mev, or between 8 to 11 Mev. This leaves a very 
intriguing gap between 3 and 8 Mev which just cannot 
be studied in sufficient detail. One of the important con- 
tributions of the tandem accelerator is that it will permit 
us to bridge this gap. 

Another difficulty with a low energy machine is a 
result of the fact that the nucleus of an atom has a posi- 
tive charge. Hence, it tends to repel the positively charged 
projectiles in the beam. The heavier the nucleus, the 
greater is its positive charge and the more difficult it is 
for the projectile to penetrate the nuclear surface, 10 Mev 
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singly charged particles, however, can penetrate even the 
heaviest nucleus and this is illustrated in Fig. 3. It shows 
the cross section for production of Bi*’, Po*!® and Po** 
as a function of deuteron energy when deuterons bom- 
bard a natural bismuth target consisting entirely of Bi*®’. 
The yield of Bi**® changes by a factor of 1,000 between 
5 Mev and 12 Mev. As a matter of fact, the yield for this 
particular reaction reaches its maximum value at about 
12 Mev. In principle all the long-lived elements in the 
periodic table are available as target materials for the tan- 
dem accelerator. 

Fig. 4 shows a plan view of the building to house the 
machine, experimental equipment and controls. The ma- 
chine room has been designed sufficiently long to accom- 
modate a second tank which could contain a third section 
of accelerator with the negative ion source inside its high- 
voltage terminal. If this terminal weré raised to a negative 
potential—say of six million volts and the common ter- 
minal of the original two sections was raised to a positive 
potential of six million volts it would be possible to obtain 
18 Mev single-charged particles from the machine. The 
location of the 90° magnet and + 25° deflecting magnet 
are shown after which the beam enters the target room. 
This is a room 38 by 50 feet in area and 32 feet high and 
will contain the various pieces of experimental equipment. 
At least three relatively permanent experimental setups can 
be accommodated and the beam can be switched with little 
delay from one to the other. This room is well shielded 
from sources of background radiation in the machine room 
by a three-foot-thick wall of iron-loaded concrete and by 
earth fill piled to the roof on all exterior walls. Gas han- 
dling and storage equipment, as well as motor generator 
sets, transformers, etc., are housed in a two-floor auxiliary 
building which connects to the main building by means 
of service trenches. The accelerator controls and electronic 
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equipment for handling experimental data are housed in 
a room attached to the present nuclear physics building 
which houses the 3 Mev accelerator. A passageway con- 
nects the two buildings. When the machine is in operation 
there will be nobody in the main building because of the 
radiation hazard. Considerable care has been taken to 
ensure that the buildings are properly equipped for experi- 
mental work. Wiring and cables are carried in trays from 
the control room along the passageway and around all the 
walls in both the machine and target rooms. Swinging 
booms carry this wiring as well as water, gas and air out 
from the walls of the target room to points above the ex- 
perimental gear. Service outlets for a-c, d-c, water, gas 
and air are spaced at frequent intervals around the walls. 
A five-ton crane covers the target room area and a two- 
ton crane the machine room. A special, carefully shielded 
room, designated in Fig. 4 as the gamma cave, has been 
provided for measurements involving the use of high 
efficiency gamma ray detectors. 


New experimental equipment designed at Chalk River 


One type of nuclear reaction which occurs very fre- 
quently at the energies available from the tandem accelera- 
tor is one in which the bombarding particle enters the 
target nucleus and, almost immediately, either it or an- 
other particle and one or two gamma rays are emitted 
simultaneously. A sketch of a piece of apparatus presently 
under design at Chalk River to measure such events is 
shown in Fig. 5. The axis of the beam from the accelerator 
enters the opening through the shield wall and passes 
through the hole H—finally terminating at the target cen- 
tre J. This takes place inside an evacuated tube not shown 
in the drawing. Two detectors A and B are provided. 
Detector A is mounted on a horizontal arm which can be 
rotated in the horizontal plane about a perpendicular axis 
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passing through the target centre. Detector B, which can 
be moved along the curved beam which in turn can be 
rotated at E, about a vertical axis passing through the 
target centre, can be positioned anywhere on the full upper 
hemisphere. One detector can be arranged to measure 
charged particles emitted from the target and the other to 
measure gamma rays. The particles will consist, in general, 
of discreet groups each of which will have a variety of 
different gamma rays in coincidence with it. 

A typical arrangement for recording such information 
is shown as a block diagram in Fig. 6. The two detectors 
with associated motor drives and indicators for setting 
and measuring their angle with respect to the incident 
beam are shown on the left. The beam current striking the 
target is allowed to charge a capacitor in an integrator 
unit which thus measures the total charge impinging on 
the target. Runs are taken for a fixed total charge rather 
than a fixed time since the beam current from the machine 
may vary. Let us assume for this illustration that only two 
particle groups of different energy are emitted from the 
target and that we wish to record the energy spectrum of 
gamma rays in coincidence with each. The detectors em- 
ployed have the property of producing an output voltage 
pulse whose amplitude is proportional to the energy of the 
incident particle or gamma ray. The outputs of each de- 
tector pass into a fast coincidence unit whose time reso- 
lution depends on the characteristics of the detectors, The 
outputs also pass through linear amplifiers. From here the 
signals from the particle detector pass through two single- 
channel analyzers, one of which allows only the pulses 
corresponding to one particle group to pass. The other is 
set to accept only the pulses of the second particle group. 
The outputs of these when they occur at the same time as 
a fast coincidence pulse open a gate and allow the output 
from the linear amplifier associated with the gamma ray 
detector to pass into a multichannel pulse amplitude ana- 
lyzer or kicksorter, Hence, one records in the two central 
kicksorters the gamma ray spectrum in coincidence with 
each of the particle groups. The upper kicksorter records 
the direct spectrum from the particle detector and the 
lower that from the gamma detector. 


When a preset charge has been collected by the target 








Fig. 5, A.E.C.L. has designed new equipment to study 
nuclear reactions when targets are bombarded by 
particles from the tandem Van de Graaff accelerator 











to record the data a program unit, directed by a program 
tape reader, would switch in series to the output from each 
scaler and kicksorter recording its contents on an electric 
typewriter and tape. Additional information such as detec- 
tor angles, run number, date, etc., can also be fed into 
the program unit and printed. During the period of data 
collection, the tapes can be transferred to a tape reader 
and the spectra from the kicksorters plotted automatically. 
This scheme represents a rather crude two-dimensional 
kicksorter, much more sophisticated versions of which are 
presently being designed by the Electronics Branch at 
Chalk River. Such schemes relieve the physicist from the 
onerous job of recording data and allow him more time 

























































































































































































































the various kicksorters and scalers are turned off. In order to contemplate its significance. END 
MOTOR AND KS 
<— !NDICATOR 
PARTICLE DET.» | 
SCA FAST 
. & s.ow -—| Gate F—| KS F—— 
TARGET_ SCALER COINC. | 
LINEAR ee 
AMPLIFIER 
| SCA FasT 
a Wace c GATE = KS 
SCALER| | COINC 
Z » 
1 . | 
LINEAR rea) es ae 4 Ks 
DET. AMPLIFIER | SCALER | KICKSORTER 
MOTOR ; OUTPUTS Litt OUTPUTS 
a ANGLE J) 
INDICATOR POSITIONING a SET l | 
inte | PROGRAM 
INTEGRATION TIME CHANGER UNIT ELECTRIC | TAPE 
T TYPEWRITER | PUNCH 
COUNT START-STOP SIGNAL TAPE | AUTOMATIC a 
READER| PLOTTER READER 
Fig. 6. Typical arrangement for recording information from the instrument shown in Fig. 5 
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Principle of operation of the 10 Mev tandem Van de Graaff particle accelerator 
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Tandem Van de Graaff 





New design makes 10 Mev particle 


accelerator possible 


A new method of changing the charge on the 
particle during acceleration has made it possible to 
double the energy imparted in this Van de Graaff 
machine. Electrons are added to positive ions at 
the input, then removed in a stripping chamber 


The ability to produce a negative ion, that is a positive 
ion to which extra electrons have been added, has per- 
mitted the construction of a new Van de Graaff acceler- 
ator with double the beam energy previously obtainable. 
The availability of accelerators with higher energies is 
important to nuclear physics research. The Van de Graaff 
electrostatic generator produces high voltage by a moving 
belt which carries charge to a high voltage terminal, Nar- 
row beams of charge particles are accelerated to high 
energies in vacuum tubes within the accelerator. These 
energies can be carefully controlled at any value over a 
wide range. 

In the tandem accelerator negative ions are produced 
in a source outside of the accelerator as shown in Fig. 1. 
These ions are accelerated in the first stage vacuum tube 
to the positive terminal. There the extra electrons are 
stripped from the ions leaving them with a positive charge. 
The ions are then accelerated from the terminal to ground 
resulting in an energy twice that of the terminal. The five- 
million-volt (S Mv) Van de Graaff generator thus produces 
ten-million-electron-volt (10 Mev) particles. The first large 
machine employing this charge exchange principal known 
as the Tandem Van de Graaff is now being installed at 
the Atomic Energy of Canada Ltd., Chalk River, Ontario. 





*Vice-President, High Voltage Engineering Corp. 


JOHN L. DANFORTH* 


The rated terminal potential of the generator can be 
varied between 1.5 and 5 Mv for an ion beam energy of 
3 to 10 Mev, The rated ion beam current is 0.5 micro- 
amps of protons. The isotopes of hydrogen, deuterium and 
tritium, as well as heavy ions such as oxygen, or any ion 
that is capable of negative ion production, can be acceler- 
ated in the tandem machine. If the positive ion is stripped 
of n electrons the final energy of the particle is (1+-n) V 
where V is the terminal potential. Oxygen ions stripped of 
all eight electrons can be accelerated to 45 Mev. The 
energy spread of the ions produced in the accelerator will 
be less than 1 part in 1,000 at 10 Mev. 


Electrostatic and structural design 


The conventional Van de Graaff has a high-voltage 
hemispherical terminal inside the top end of a pressure 
tank. Supporting the terminal is an insulating column which 
contains the charge-conveying belt and a slot for the 
acceleration tube. High voltage insulation is provided by 
gas under pressure. 

In the tandem Van de Graaff there are two columns 
which meet at a cylindrical terminal in the centre, The 
acceleration tubes go straight through the machine with a 
stripper canal in the middle. The tandem has the important 
advantage that the complex ion source is located outside of 
the pressure vessel providing easy access for maintenance 
and adjustment. In this case horizontal construction mini- 
mized building costs and provides ready access to the 
vacuum equipment and auxiliary components. The two 
tank bases, with column and tube sections attached, roll 
back on rails out of the tank for initial erection and 
assembly. The ion source and other components are also 
mounted on wheeled carriages to provide necessary clear- 
ance. The tank, designed to contain the insulating gas of 
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nitrogen and carbon dioxide at 225 psi, is 8 ft. in diameter 
and 35 ft. long. The assembled accelerator tank weighs 
80,000 Ibs. To permit accurate alignment with the ion 
source and other beam components the tank can be leveled 
by hand since it is supported by precision screw jacks 
at four points. Oil is pumped into bearing surfaces at 
each of the four support points so that the whole tank can 
be “floated” for horizontal adjustment. 

The column structures must be designed to meet the 
requirement of high voltage stress as well as large mechan- 
ical loads. Each column is 144 in. long and insulated for 
a gradient of 36 kv per in. Glass block insulators are used 
with metal planes on a | in. pitch. Hoops, 39 in, in diam- 
eter, surround each column plane to form a cylindrical 
envelope which meets the polished metal cylinder of the 
terminal, These can be seen in Figs, 2 and 3. 

The column structure which, with the tubes, terminal 
and components weighs approximately 13,000 Ibs. must 
be self-supporting. To achieve this the column is made of 
8 individual structural sections which are, in effect, rec- 
tangular beams 6 ft. long, 2 ft. high and 6 in, wide. They 
are fabricated by cementing together the glass blocks and 
steel planes to which aluminum extrusion bars have been 
added on the sides for extra strength. Assembled side by 
side and pinned at the ends they form the complete col- 
umn structure. At the middle of the column and at the 
terminal heavy, welded-metal frames add strength and 
rigidity. 

If the columns were in simple cantilever, the glass 
blocks on the top would be in tension increasing in amount 
toward the tank base ends. This tensile stress is avoided by 
compressing the whole structure with an axial force of 
40,000 Ibs. This cancels the tensile stress and actually puts 
all of the glass under compression, See Fig. 4. The force 
is applied through a heavy shaft and linkage by a large 
compression spring located outside the tank base, One of 
the columns is supported from the base by a wheeled car- 
riage to allow for the expansion of the tank with pressure 
and temperature changes. 

As in the conventional Van de Graaff generator a set 
of voltage divider resistors from terminal to ground main- 
tains a uniform gradient along the column, 1000 meg- 
ohms per section provides a leakage current of about 
35 microamps at rated voltage. The column insulators are 
protected from surges by a number of spherical spark 
gaps across each column section. 


Negative ions are produced from hydrogen 


In the negative ion source, shown in Fig. 5, positive 
ions are first produced from a discharge in hydrogen gas 
supported by an RF field. Hydrogen gas fed into a fused 
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Fig. 3. The accelerator contains two columns that meet the high voltage terminal at the centre of the tank 








Fig. 2. Cross section of the accelerator column plane 


quartz bottle is ionized by 20 mc power operating as high 
as | kw. The ions are then pulled out of the source by an 
extraction probe at —2.5 kv. They are focused and accel- 
erated to the electron adding canal which is maintained 
at a potential of —40 kv. The electron adding canal, a 
metal tube about 0.16 in, in diameter by 10 in. long ts 
maintained at pressure for charge exchange by a flow 
of hydrogen gas of about 100 atmos. cc per hr. In this 
canal the hydrogen ions first pick up one electron and 
become neutral, and then a few pick up a second electron 
and become negative ions. From a beam of several milli- 
amperes of positive hydrogen ions only a few microam- 
peres of negative hydrogen ions are produced. 

The negative ions on emerging from the adding canal 
are accelerated a second kev by the next grounded elec- 
trode. They, therefore, emerge from the negative ion 
source with an energy of 80 kev. The hydrogen gas from 
the ion source and from the canal is pumped away by a 
16 in. oil diffusion pump which maintains a pressure in 
the piping conducting the beam at about 10° mm Hg. 

The negative ions are focused further, deflected 90 deg., 
focused again and then injected into the low energy end 
of the Van de Graaff accelerator. The potential of the 
electron adding canal is accurately regulated to ensure 
constant energy and positional stability of the injected 
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beam. The latter is extremely important to avoid loss of 
beam intensity. The ion beam must be centred in the 
acceleration tube which has 0.5 in, diameter orifices, Even 
more important, it must be centred in the stripper canal 
in the terminal which is only 0.18 in, in diameter, Electro- 
static beam steering elements are provided between the 
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Fig. 5. Positive ions are produced in the source bottle 
then made negative by adding electrons in the canal 
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source and the tank base for correction of the beam axis 
if necessary. 
Ion acceleration and stripping 

The accé¢leration tubes, in which the negative ions are 
conducted to the terminal, consist of metal electrodes and 
glass insulating rings with the same pitch as the column. 
Electrodes are attached to the cerresponding column sec- 
tions to provide uniform acceleration. The tubes are con- 
structed in 6 ft. sections and are connected by flexible 
bellows. 

The negative ions ariving at the terminal have an 
energy equivalent to the terminal potential, In passing 
through the 30 in. length of the stripper canal, which is 
maintained at a pressure of about 50 microns Hg, the 
extra electrons are removed, Here the efficiency of con- 
version is very high. Over 90% of the negative ions 
emerge as positive ions at the other end of the canal. 
Oxygen gas is used for the efficient stripping with the 
minimum gas flow. Steel blocks surround the entrance 
and the exit of the stripper canal to provide absorption 
for the x-rays produced by stray electrons accelerated by 
both tubes to the terminal, This is shown in Fig. 6. 

The ions, now positive, are further accelerated by a 
tube similar to the negative stage. On emerging, the ions 
have a total energy of 10 Mev which is twice the terminal 
potential. 

Analyzer magnet and energy control 
The beam on leaving the accelerator passes through 
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Fig. 6. In the gas stripping canal the electrons are removed from the ions, leaving them positively charged 
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Fig. 7. Controls for operating and monitoring the tandem Van de Graaff are arranged in a six-panel console 


an alternating gradient focus lens, This consists of two 
sets of four curved electrodes 9 in, long and separated by 
1 in. They have potentials of 15 kv alternating positive 
and negative on the four electrodes of the first set and 
reversed on the second set. Beam-steering elements are 
also provided. The focus lens refocuses the beam from 
the stripper canal on the entrance slit of the analyzer 
magnet. 

This magnet has two functions: to bend the beam 90 
deg. into the target chamber, and to provide an energy 
error signal for the stabilization of the Van de Graaff 
terminal potential. Slit edges at the exit of the magnet 
supply signals through preamplifiers and a differential 
amplifier which regulate a corona discharge from a unit 
on the wall of the tank to the terminal. If the energy of 
the beam rises the beam is deflected less. An error signal 
from the outside slit edge is amplified and causes current 
to flow from the tank corona points to the terminal, re- 
ducing the terminal potential. 

The analyzer magnet has a flux of 10,000 gauss across 
a pole gap of 0.81 in., which bends the particles in a 
radius curvature of 34 in. The magnet current supply of 
12a, 5 kw with a current stability of + .02%, is obtained 
by precision control of the field of a de generator, The 
flux is measured by a nuclear magnetic resonance device. 
A precision counter is provided to permit convenient and 
accurate readings of frequency from the flux meter. After 
calibration, this is the means by which the energy of the 
accelerator is determined during operation. 

The preamplifiers used in the stabilization system and 
others used to monitor the ion beam at critical points are 
logarithmic to avoid the necessity of changing the gain on 
the remotely located units, The preamplifiers are essen- 
tially linear DC amplifiers with a highly stable regulated 
power supply. The logarithmic response is derived from the 
forward resistance characteristics of the selenium diodes 
connected across the input resistors. 

The exit beam from the analyzer magnet passes straight 
into the target area, or it may be deflected 25 deg. to the 
left or right to other target positions by a second magnet. 

The ion beam travels a distance of 100 ft. from the 
source to the exit of the switching magnet, Over this dis- 
tance it must be centred very accurately in the tube com- 
ponents to pass through the small charge exchange canals 
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and to avoid distortion by focusing and accelerating elec- 
trodes. A micrometric telescope and inserted optical targets 
insured alignment of all the components within 0.030 in. 


Vacuum systems use four pumps 

The pressure in the acceleration and beam tubes is 
maintained at about 10> mm Hg. In addition to the large 
oil diffusion pump at the negative ion source, 10 in, mer- 
cury diffusion pumping systems are provided on the exten- 
sions at each end of the acceleration tubes, and a 2.5 in. 
mercury pump system is provided at the exit of the 
analyzer magnet. All of the systems are provided with dry 
ice traps and the large systems with liquid nitrogen traps 
to eliminate condensible vapors from the system. 


Controls are arranged in a console 


Controls are provided for the operation and monitoring 
of the accelerator system from a 6-panel control cabinet 
arranged as a console and shown in Fig. 7. Local controls 
for the initial adjustment of the negative ion source are 
located at the source itself. Disconnect switches and start- 
ers are mounted ona separate power panel located in the 
accelerator room. 

The energy of the beam is varied simply by changing 
the analyzer magnet current. Minor adjustments become 
necessary in belt charge current and stabilization corona 
current for large changes. No adjustment of the ion sources 
need be made except for changes in beam current intensity. 
The energy spread of the beam may be monitored contin- 
uously from an oscilloscope presentation of terminal poten- 
tial ripple that is obtained from a capacitive pick up plate 
on the tank. 


Output energy could be increased 


It is possible to consider increasing the output energy 
by the addition of third acceleration stage. A beam of 
neutral ions, produced from a positive ion source and 
partial charge exchange canal, can be sent (without in- 
crease in energy) to the negative terminal of a second 5 Mv 
Van de Graaff generator, Here the rest of the charge ex- 
change takes place and the negative ion beam is produced. 
It is then accelerated to ground and injected at 5 Mev 
in the second accelerator instead of 80 kev as in the 
original unit. The final energy is three times the terminal 
potential or 15 Mev. END 
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Microphones and speakers on every d 


esk help Manitoba 


Legislators break the sound barrier 





Operator Ray Slye, a technician with a lively interest 
in politics, controls all the microphones and _ speakers 


GEORGE LEGRIS, CORRESPONDENT 


The Manitoba legislative chamber in Winnipeg has 
been a sound technician’s nightmare ever since its opening 
in 1920. 

It’s a circular high-domed room with very live acoustics. 
Recurring echoes and dead spots in various locations of 
the chamber distort the speech of even the best of orators. 

A sound system installed in 1949 placed a five-inch 
cone-type combination speaker and microphone on the 
desk of each member. 

But, even with this, there remained one big problem— 
feedback that interfered with almost every speech. 

Maclvor Electronics, Limited, of Winnipeg, a firm 
experienced in the maintenance of the old sound system, 
got the job of tackling the problem. 

A detailed study, under Ivor F. Cross, P.Eng., of 
Maclvor Electronics, indicated that the only solution was 
to provide separate microphones and loudspeakers for 
each desk, under the supervision of a control operator. 

The microphones chosen, with emphasis on their 
cardioid pattern and noise-cancelling qualities, were the 
Electro-Voice 664. 

They were mounted on special stands atop each loud- 
speaker cabinet at the 60 legislative desks. 


Here’s how it works 


The microphones are normally disconnected from the 
pre-amplifiers, to reduce the chances of feedback squeal. 
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The operator, sitting at the back of the chamber before 
a desk-mounted control console, turns on a member’s 
microphone when he gets up to speak. 

The major feedback precaution is in the microphone 
circuit. The closing of a console key feeds a dc voltage to 
the microphone relay. 

At the same time, four loudspeakers, adjacent to the 
live microphone, go dead. These are usually the two on 
each side of the desk of the speaking member. 

The actual switching is done at the main rack in an 
ante-room by relays in each microphone circuit. These 
relays are specially shielded to cut down feedback and 
switching clicks. 

The main rack contains microphone relays, pre-ampli- 
fiers, power amplifier and power supply. There are some 
10,000 feet of wiring in the system, much of it under the 
floor of the legislative chamber. 

One pre-amplifier serves each side of the chamber, a 
third is for the Speaker of the House who has a floor 
microphone before his chair. 

The outputs of these three units are mixed in an equal- 
izing pre-amplifier adjusted for a sharp band-pass over a 
range of 400 to 4,000 cps. 

This signal, more than adequate for speech, is fed to 
a 30-watt amplifier which delivers the output to all loud- 
speakers through the control console. 

For members with hearing trouble, special earphone 
circuits, without muting, are set in the desks. 

The key man in the entire system is the console oper- 
ator, Ray Slye, who combines technical ability with a lively 
political interest that allows him to keep abreast of the 
debates on the floor. 

His console has 62 mike keys: one for each member’s 
desk, and an extra two for the Speaker of the House and 
the Clerk of the House. 

The operator also manipulates three volume controls, 
one for the desk speakers, and the other two for the public 
and press gallery loudspeakers. 

Beside Mr. Slye’s desk are two Gray Audograph disk 
recorders of the regular office design. They are fed from 
the 70-volt audio line and are linked for automatic cross- 
over. 

The disks retain in plastic every minute of the legisla- 
tive day, and are stored for reference. Manitoba has no 
written governmental reports of its debates. 

The systems engineering for the installation was carried 
out by Mr. Cross and Victor W. M. Fouracre of Barvic 
Engineering Limited of Vancouver. Barrie also designed 
and built the control’ console and, main rack. END 
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Standard encapsulated photistor 





“Minicell” for reading punched tape 


The photistors ¢ discussed in this article are made 
by evaporating CdS or CdSe, or a mixture of these 
materials onto a glass base to a thickness of about 
3 microns. The layers so formed are then treated in an 
oven for a time during which copper and other metallic 
chlorides are allowed to diffuse into them. Tempera- 
ture, time and some other parametric quantities may 
be varied to diffuse controlled amounts of foreign 
atoms into the host lattice where they take up posi- 
tions at specific energy levels to determine the 
characteristics of the photistor. Finally, electrodes are 
evaporated onto the sensitive surface. If the photistor 
is to be. made into a commercially acceptable com- 
ponent, it will have connections attached and be 
encapsulated. 


Photistors have high sensitivity 


The first attractive feature of the CdS and CdSe 
photistors is their capacity to convert photon power 
to electrical power efficiently—several orders of 
magnitude above any other sensitive device, excepting 
the multiplier phototube. Photistors with the materials 
PbS, PbTe, PbSe, T12S, Se, have been in use for a long 
time and the newer materials CdS, CdSe, InSb, are 
now coming into use. They find two classes of use: 
(1) small signal detection where their conversion 

efficiency, low noise and rapid response are im- 
portant, and 
(2) high-power photo-electrical. transduction where 
conversion efficiency and stability are important. 
Since in all cases the ability to translate energy is 
under consideration, it is desirable to be able to express 
this ability in terms more adaptable to photistors 
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> The characteristics of 
evaporated CdS and CdSe 
photistors 


Now that photoconductive cells or photistors of 
Cds and CdSe are being incorporated into useful 
electronic devices, design engineers are asking 
many questions about the characteristics which are 
important in their application in circuits. This 
article provides some of the answers to these ques- 
tions. Following an attempt to describe the pho- 
tistor in the same terms as the vacuum tube ampli- 
fier, the performance characteristics of the device 
cre examined in detail 


D. A. ANDERSON* 


whose response lies in various wavelength ranges. The 
following is an attempt to describe the photistor in the 
same terms as the vacuum tube amplifier. 

With the non-ohmic photistor, the current variation 
is so much a function of the voltage that it is quite 
useless to quote sensitivity in either current or con- 
ductance without specifying the voltage at which it is 
measured. With the realization of ohmic photistors 
comes the possibility of adequately describing their 
sensitivity in terms of conductance instead of current. 
There is still the drawback that the conductance is 
porportional to the incident photon power over only 
a portion of the response range—usually that around 
1 foot-candle or lower for CdS. For simplicity in the 
following discussion it is assumed that the illumina- 
tion-conductance characteristic is linear, holding the 
value it has at the linear point. 

Standard definitions of the I.R.E.' are followed as 
closely as possible with the appropriate changes being 
introduced. 


Luminous sensitivity 


The luminous sensitivity, S,, of a photistor is 
defined as: 
“re Change in conductance 
sis Change of incident luminous flux 
It is understood that this refers to the value of 
illumination at which the conductance and the il- 
lumination are proportional, i.e. where m = 1 in the 
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equation 


g = al," 
g = photistor conductance 
a = “constant’’ which varies 
slowly with conductance 
I, = illumination 
It is also understood that the sensitivity is measured 
with a lamp with a tungsten filament operated at 
2870°K since it depends on special distribution 
_ dg 
dL 
where LZ = the total luminous flux falling on the 
photistor area. If g and L are expressed in mhos and 
lumens, S, is the sensitivity in mhos per lumen. A 
photistor placed at a distance D from a source of 
candlepower C (at 2870°K) has falling on its area A: 


~ 


—— lumens 
D? 
As a result of this the cell may have a conductance 
gmhos. The luminous sensitivity is 
5 dg D* dg 
ane 2CA ‘dD 
Or this measurement may be made using a calibrated 
instrument with filters providing the differential 
illumination change. 

If the relative response of the photistor (again 
neglecting non-linear response) to an equal energy 
spectrum is R(A), normalized to unity at the maxi- 
mum; and the energy output spectrum of the standard 
lamp at 2870°K is W(A) normalized to unity at its 
maximum, the response to the radiant energy is?: 

dg = fSr R(X) RAW(A) dx 
where RA W(A) is the spectral distribution in actual 
differential watts at the photistor surface, and Sz is 
the radiant sensitivity of the photistor. 


YL 


L= 


mhos/lumen ..(4) 


Radiant sensitivity 


The radiant sensitivity, Sp, of a photistor is defined 
as: 
5, = Conductivity change by the photistor 
“* ~ Change of photon power incident on 
the surface at the wavelength of 
maximum response 
This will usually be expressed in mhos per watt. We 
have now freed ourselves from the terms of luminous 
light which do not have much meaning when dealing 
with invisible radiation. However, it is useful to relate 
the new concepts to the traditional ones involving the 
human eye since many measurements are referred to 
luminous radiation. 
The total differential luminous flux at the photistor 
surface is 
dL = 680f9(A) RAW(A) dd 
where 9(A) is the relative response of the average eye 
normalized to unity at its maximum. The luminous 
sensitivity is: 
ie os Serf RA) RAW(A) dr » 
“ ~ 680f F()RAW(A) dd 
Since RAW(A) «W(A) we may write simply the 
normalized distributions: 
- Sr f R(\) WA) dv 


* ~~ 680f (4) W(A) dr 








..(8) 
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The radiant sensitivity as thus expressed in the more 
commonly measured quantities of lumens and foot- 
candles: 

_ 680 Sz SH(A) WA) dr 





Sr =— . (9) 
’ SRO) Wa) dx 
The reference * gives the value 
J H(A) W(A) dA = .0378_ ....... (10) 


with \ expressed in microns. S; may be measured as 
previously mentioned. 

7 25.70 Sz 

~ f RO) WA) dr 
The integral in the denominator must be determined 
by acalculation when R and W are known. 


Sr 





Power gain of photistors 


The ability of a photistor to translate photon power 
to electrical power is assessed by referring to the circuit 
in which it usually operates (Fig. 1.). This consists of a 
voltage supply of dc or ac voltage V; with the cell and 
a load resistor 7 in series. The load resistor may be the 
input impedance of a tube or transistor, a transformer, 
a relay coil, or a motor. The problem is to get a 
maximum power change in the load for a given photon 
power change incident on the photistor surface. As 
such, the photistor is analogous with a triode or a 
microwave mixer, and we can define an available 
conversion gain as: 

available electrical power out (12) 
available photon power in > 
The absorptivity coefficient is assumed to be unity 
(as a matched input) and the wavelength is that at 
maximum response. To establish the optimum con- 
ditions for the load resistance, define the following: 
r = load resistance in ohms 
g = photistor conductance 
V, = supply voltage ac or dc 
; = photon power on photistor in watts 
P, = electrical power in 7 
G = power gain of photistor. 


ee ee Levee ee + (13) 
(1+ gr)? 
Ms ; 2g 
ae Vit wee ......... 088 
dg (1+ gr)’ 


; ar. . 
Calculate —— and equate to zero to determine the 

drdg 
value of r necessary to maximize the power change in 
it. This becomes: 




















Relay 
=: Photon r 
sacle Photistor 
Useful power out 
] Vb | 
Figure 1 
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and the value of 

dP,_ 8V,* 
dg 27 
under this condition. Thus the optimum load resistor 
for a photistor for maximum power change due to 
change of conductance, and hence of light, if they are 
proportional is one-half the photistor resistance. The 
power dissipation in the photistor never exceeds 





P, = = eee ee (17) 
At the peak of response, 

dg 
> ES “er are 18 
aP. R (18) 

Therefore from (11), (16) and (18), we have: 

"417 

G os dP, _ __—7-62 Vo? : eee (19) 


dP; f R() WA) dv 
Values for the characteristic gains of some photistors 
in common use are given in table 1 

The values of gain for CdS are surprisingly higher 
than the others. However, considerations of response 
speed, low noise or wavelength range may cancel this 
advantage for a specific application. In contrast with 
these, photovoltaic cells must necessarily have gains 
less than unity. In practice they are less than 0.28, 
the value for Si solar cell when considered on the above 
basis. 

From this expression one can arrive at another for 
photistor sensitivity independent of both cell geometry 
and circuitry. This occurs because the maximum 
allowable voltage on the photistor can be changed toa 
maximum allowable field in the layer of sensitive 
material. 

First, electrode structures must be considered. Two 
common ones are illustrated in Figure 2. If conducti- 
vity induced in the sensitive material by the incident 
radiation energy at wavelength of maximum response 
is do, and that for the whole photistor is dg, then the 
two are related by the cell geometry 


eee. «cl duker nes (20) 
(N-1)l_ At N-1 

here = ee - _ —_——_ ?1) 
where F 7 > D N ( 


and where 
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The variation of light intensity from top to bottom of 
layer is disregarded. If an optimum cell is assumed in 
which 





W << d™. (22) 

and N>> 1 (23) 
the geometry factor reduces to 
Al 

F= . (24 

rp 


Assume the maximum allowable field strength on the 
sensitive material is E,. Then 


Vo= Ed . . .(25) 
and substituting 
" dg do 
Si =— = Fe, ae ee 
+ an ae (26) 


(24) and (25) into (19) we have the expression desired: 


7.62 E;? A id Co 








N = no. of electrodes on either an 7 = TRA) WA) aa FL . (27) 
interdigital or a simple rec- 
tangular photistor. This shows that power gain is proportional to cell area, 
1 = length of electrode to the square of the practical dielectric strength of the 
d = distance between electrodes sensitive material in the dark, E,, and to the change 
w = electrode width of conductance per square tde due to the change of 
t = thickness of layer. light energy. 
TABLE 1 
Photistor Yb \ max Area dg/dL G 
PbS (Rogers 61SV) 250V 2.5 pp 0.36 cm* 16x10-* mhos/ lumen 8.0 
CdS (Marconi Type D-5) 120 51 2.70 0.025 35,000 
CdS (Marconi Type D-7) 120 .60 2.70 0.34 48,000 
T1.S (G.E. experimental) 90 92 1.6 0.0024 500 
(Hewlett, 1947) 
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Activator atoms change sensitivity 


In view of this high value for the conversion of 
energy, it is not surprising to find considerable varia- 
tion from one photistor to the next—often in the same 
production run— much to the chagrin of the produc- 
tion engineer. Selection is necessary to keep the gains 
of a run within +40%. On the other hand large 
deliberate variations in gain may be achieved by 
altering the quantity of ac tivator atoms diffused into 
the layer. 











Figure 3 shows the relationship between the con- 
ductance and the illumination for a typical CdS 
photistor whose sensitive area is about 2.70 cm?. 
Linearity is seen to occur at approximately 40 micro- 
mhos for this particular one which has a higher value of 
exponent, ”, at lower conductivities and lower values 
at higher conductivities (or illuminations). More 
sensitive photistors of the same size and geometry have 
characteristics which are displaced bodily upwards on 
this graph but with some reduction of the value of 


for the same illumination. They are compared in 





Sensitivity vs. temperature coefficient 
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Figure 4. Type D-7, the most sensitive, shows line- 
arity around 10 micromhos. The dark conductance, 
as expected, is higher for the more highly sensitive 
photistors. The curves for the CdS-CdSe mixture 
cell and the CdSe cell are always steeper (greater nm) 
than those for pure CdS and are not greatly different 
from each other. 


Time response 


The time response of any one photistor varies 
markedly with illumination having roughly a few 
milliseconds response at higher light level (100 ft.c.) 
extending to many seconds at moonlight-level (0.01 
ft.c.). The CdS-CdSe mixture is about five times as 
fast as CdS alone, and CdSe is slightly faster again. 
In addition to this there is generally a rule that the 
more sensitive type is slower. A gain of 30,000 to 
50,000 is available, but one has to wait for it. These 
CdS and CdSe photistors are not useful for events that 
call for a response faster than 1 ms. 


Temperature coefficient varies with sensitivity 


Another parameter which varies somewhat with 
sensitivity is the temperature coefficient. Figure 5 
shows the variation of the sensitivity with temperature 
between —40C and +80C, for a medium sensitivity 
photistor (D-5). The temperature coefficient is 
gratifyingly low at high conductivities and very high 
at low conductivities—about a factor of two or three 
over the whole temperature range at 100 ft.c., but by 
a factor of 50 at 0.01 ft.c. There is a vague correlation 
beween sensitivity and the temperature coefficient. 
Figure 6 shows that among CdS photistors made 
ostensibly in the same way, but where different 
sensitivities are obtained by varying the number of 
foreign atoms, those with higher sensitivity have 
lower temperature coefficients. These temperature 
coefficients were all taken at 1 ft.c. and around room 
temperature. 


Spectral response can be controlled 


A variety of spectral responses can be obtained with 
CdS and CdSe with various treatments. It is possible 
to cause the peak of response to lie almost anywhere 
from 0.50 to 0.73 microns (Figure 7). 

The shape of the spectral response curve is very 
much more controllable than the sensitivity in making 
photistors. Its shape may be varied chiefly in balanc- 
ing the response at 0.51 microns against that at 0.60 
microns, the latter being enhanced by increasing 
additions of copper. 

Electrode material affects operation 

There are several advantages in having ohmic 
electrodes. In Figure 8 are shown some voltage-current 
curves for CdS photistors with a variety of metallic 
evaporated electrodes. Gold might be expected to be 
most stable chemically, and indeed performs well in 
resisting such changes as may be brought about by 
actual encapsulating materials for example. However, 
the voltage-current characteristic is evidence of the 
existence of a potential barrier. This lowers the 
sensitivity of the device at low voltages. A factor of 
approximately ten exists between the currents of an 
ohmic photistor and a gold electrode photistor at 


CANADIAN ELECTRONICS ENGINEERING JULY 1958 


1 volt. In addition, the potential barrier which forms 
against CdS provides another variable to change with 
age—and indeed a small additional aging is noticed 
with gold cells which is attributed to barrier aging. 
Ohmic electrodes do not give rise to distortion of 
audio signals they may be called upon to pass. A 
further effect in this category is the characteristic 
capacitance which a non-ohmic photistor exhibits. 
This capacitance, negligible when the element is in 
the dark, increases as the conductivity increases and 
may amount to approximately .01 yf (equivalent 
parallel capacitance) for a typical photistor which is 
approximately 600 ohms measured at 1 ke illuminated 
with daylight. 
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A potential barrier in a photoconductive device is a 
source of additional noise—called junction current 
noise, to be avoided when low level signals are being 
detected. 

Aluminum forms a nearly ohmic electrode with 
CdS. It is regarded as too active chemically, and its 
surface oxidizes in air so that it is difficult to make good 
electrical connections to it. 

Indium and gallium make good ohmic contacts to 
CdS. These have melting points of 155C and 29.8C 
respectively and this feature is regarded as making 
them of doubtful value in a practical photistor. 

This laboratory has found that tin combines the 
advantages of an ohmic contact to CdS and the higher 
melting point, 232C. It has been used very extensively 
in experiments and tests. No potential barrier is 
observed when the electrodes are applied with care. 


Dark adaption and fatigue 


CdS photistors exhibit the tendency to increase 
sensitivity when left for long periods in the dark, and 
lose sensitivity if left soaking in strong light. Photis- 
tors made in different ways behave differently. Some 
typical behaviors are as follows: a group left 19 hours 
in the dark with no voltage on them measured 12% 
higher sensitivity at 1 ft.c. as a result of the dark 
storage. Another group left 11 days and measured 
under similar conditions showed 30% dark adaption. 
If exposure to daylight levels is used instead of 1 ft.c. 
the dark adaption observed is more likely to be 40%. 
Dark adaption values after lengthy storage in the dark 
have been observed varying from practically zero up 
to 40%. Recovery times with these vary from 2 
minutes to 30 minutes, the longer recovery being as- 
sociated with the larger values. The dark adaption 
behavior can be an advantage when the application 
is to turn off street-lights at a lower level in the 
morning than the turn-on level in the evening, but 
can be disturbing for instrumentation in general. 


Aging and stability 


These photistors when run at rated power in a de 
circuit tend to increase their dark current and must 
be derated considerably to give an acceptable per- 
formance. Hence most tests have been concentrated 
on ac application. 

The typical photistor when put on load for the first 
time falls 10-15% in conductance in the first few 
hours, thereafter remaining reasonably constant if not 
subjected to unusual conditions. Figure 9 shows the 
results of a test run on 100 cells under dry conditions, 
35C, 0.25 watts ac for nearly 800 hours. The ordinate 
of the graph is the voltage on a series resistor of 12K. 


Under these conditions they behaved acceptably. The 
small variations are due largely to illumination 
variations. 

A photistor in circuit applications has to be subject 
to much more trying conditions than the above. 
Severe humidity and temperature tests were run first 
on the photistor with no encapsulation, to isolate the 
effect of the presence of water vapor. Temperature 
cycling is used as shown in Figure 10, and 100% R.H. 
prevailed at all times. Variations due to temperature 
coefficient are clearly distinguished. Besides this a 
certain forced fatigue shows up causing the cell to 
seek a new lower equilibrium value. Significant is the 
fact that 100% R.H. at even 90C did not wreck these 
cells. Most of the effect comes from the temperature. 
Time is given logarithmically along the abscissa, so the 
latter part of the test is congested in the figures. 

Many similar tests on encapsulated photistors have 
been made. Generally speaking plastic potted photis- 
tors with tin electrodes behave in an inferior manner, 
due presumably to interaction of moisture, resin and 
tin. Plastic potted photistors with gold electrodes 
stood up reasonably well showing recovery after the 
temperature was reduced (Figure 11). Better over-all 
photistors are those with tin electrodes enclosed in a 
glass envelope sealed with a rubber gasket and epoxy 
resin. These photistors showed almost full recovery 
in the 700 hour cycling test shown in Figure 11. 

Experience has shown that photistors with poor 
encapsulation where minute leaks are involved may 
deteriorate far faster in humidity conditions than those 
completely unencapsulated. This is probably due to 
the trapping of excess moisture by the changing 
temperature condition. The only sure way to seal 
against adverse moisture conditions is to employ 
glass-to-metal sealing technique, plastic sealing or 
potting being an allowable compromise, for economy, 
when less than 100% R.H. and mild temperature 
cycling are to be encountered. 
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Fig. 1. 10 kw Amplifier 





Scatter equipment built for Canadian use 


Following a brief recapitulation of the basic prin- 
ciples of tropospheric forward scatter propagation, 
transmitting and receiving equipment is described. 
Reference is made to the block diagrams of ter- 
minal and repeater stations, and a detailed 
description is given of the saw-tooth modulator 
used in the transmitter 
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Radio waves, like other electromagnetic waves, travel 
in free space in straight lines. Since we only approximate 
free space conditions on and around this planet, linear 
propagation is modified by many factors, These factors 
cause phenomena identical with the optical phenomena 
of reflection, refraction and diffraction, At frequencies up 
to about 35 mc useful amounts of energy are returned by 
the ionosphere, but above this value the amount of bend- 
ing is so slight that practical communication is not possible 
by this means. 

Thus at the higher radio frequencies only the portion 
of the radio energy transmitted tangential to the earth’s 
surface would be expected to give useful signals, As early 
as 1919 it was shown that diffraction effects would extend 
the range somewhat beyond actual line of sight paths. The 
analysis gave a loss of some 2 db per mile in the frequency 
range 35-100 mc, which means that the extension beyond 
optical paths would be relatively short. However, early 
experimental work showed that sometimes UHF signals 
did carry beyond the horizon to a greater extent than 
predicted by theory. 

The apparent cause of this is the partial refraction of 
waves by discontinuities in the lower atmosphere. Investi- 
gations at Bell Laboratories have shown that these dis- 
continuities are roughly planar, To put it another way, 
the density of the atmosphere does not change uniformly 
with height but exhibits relatively sharp discontinuities at 
various levels depending upon weather conditions, time of 
day, etc. 

The net effect of many such discontinuities is a scatter- 
ing of some of the radio energy in a forward direction. It 
is this phenomenon which leads to the name Tropospheric 
Forward Scatter. 

Tropospheric propagation of radio signals decreases 
rapidly with distance and exhibits considerable variation 
due to climate, location and time. Propagation losses at 
1,000 mc approximate 190 db over a. 100 mile path and 
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230 db over a 300 mile path as indicated in the graph of 
fig. 2. The strongest signals are obtained by directing a 
beam of radio waves at the horizon along a great circle 
route to the receiving location. 

Fading of tropospheric signals is divided into two types, 
namely fast fading and slow fading. Fast fading is caused 
by variations in multipath transmission in the atmosphere, 
and increases as either frequency or distance is increased. 
A 20 db fade from the median level is normally expected 
about one percent of the time with a 30 db fade one tenth 
of one percent of the time. Slow fading of about 8 db 
occurs over a period of hours or longer. This type of fad- 
ing is almost independent of frequency and appears to be 
caused by changes in the average refraction of the atmos- 
phere. 


Scatter systems need high gain antennas 


To overcome the large transmission losses encountered 
in beyond the horizon forward scatter radio communica- 
tion, it is necessary to utilize high gain, narrow beam 
antennas, high power transmitters and sensitive receivers. 

Antennas generally in use are centrefed, circular para- 
boloids of revolution up to 60 feet in diameter, fabricated 
of welded aluminum tubing and expanded aluminum mesh 
capable of withstanding winds of 100 miles per hour when 
coated with one inch of ice. In locating antennas it is 
necessary to avoid proximity to any obstructions in the 
foreground such as trees or buildings. 
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Transmitters are required with power output in the 
range of one to 10 kilowatts, generally using frequency 
modulation. The transmitter power amplifiers employ 
ultra high frequency tetrodes or klystrons, although kly- 
stron amplifiers are more generally used due to their high 
power gain and ease of application. 

Receivers are required to have low noise input stages 
to obtain the necessary sensitivity, Space diversity recep- 
tion is generally used to reduce the effects of rapid fading. 


Scatter equipment adapted for use in Canada 


The Forward Scatter equipment to be described is 
based on designs by Radio Engineering Laboratories of 
Long Island City, N.Y., and was manufactured by the 
Northern Electric Co. Ltd. in Canada. Significant design 
modifications and improvements were developed and in- 
corporated in the equipment by Northern Electric Com- 
pany Ltd. to meet special requirements of the customer 
such as increased channel capacity, mechanical ruggedness, 
electrical stability, etc. These improvements allow this 
equipment to meet the most modern and rigid require- 
ments for telephone toll circuit application, where reliabil- 
ity, stability, ease-of-maintenance and control are so im- 
portant. The equipment is shown in Block Diagram form 
in fig. 3 and fig. 4. Fig. 3 illustrates a typical terminal 


station layout, while fig. 4 shows a repeater station equip-° 


ment layout. A transmitter consists of an exciter and a 
klystron amplifier of either 2 kw or 10 kw power output. 
Each klystron power amplifier tube is mounted on a car- 
riage which may be removed readily from its associated 
cabinet. The dual diversity receivers are of a combiner 
type, and each is equipped with bandpass filters which may 
be patched in to restrict the IF bandpass for emergency 
operation at reduced channel capacity. 

At terminal stations standby equipment is provided 
consisting of one exciter, one complete power amplifier, 
one additional klystron carriage, and one receiver. At re- 
peater stations standby equipment consists of two exciters, 
one complete power amplifier, one additional klystron 
carriage and two receivers, one for each dual diversity pair 
in operation, The standby exciters at each station are oper- 
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ated into dummy loads, warmed up and ready for use. 
If a failure occurs in a functioning exciter, the connections 
to it and its standby are switched automatically and an 
alarm is operated to indicate that failure of one unit has 
occurred. Transfer is in one direction only with reset neces- 
sary to make switching in the other direction possible. 

The equipment has been designed ta operate in an am- 
bient temperature range of 0 to 50 C., in humidity up to 
95%, and at altitudes up to 5,000 feet above sea level. 
It is assembled in such a manner as to permit rapid replace- 
ment of panels and easy access to components. Adequate 
metering has been provided to show that it is functioning 
properly with a minimum of testing, and facilities are avail- 
able for checking critical tubes while in service. 

The frequency range of operation is 755-980 mc, and 
the klystron power amplifiers will operate at full power 
output anywhere in the band, Any frequency plan in the 
755 to 980 mc band may be used which will provide a 
spacing of 96 to 100 mc between transmitted and received 
frequencies where a common antenna with cross polarized 
feeds is used. Spacing of 10-20 m¢ between back-to-back 
transmitters and receivers at repeater stations is sufficient. 

The equipment is adequately protected by electrical, 
and lock and key interlocks to ensure that operating per- 
sonnel cannot make accidental contact with voltages higher 
than 50 volts. All units with voltages in excess of 300 volts 
are labeled “Danger High Voltage.” 

Frequency modulation is employed to take advantage 
of the ease with which high power klystrons can be made 
to operate effectively with this mode of modulation. A 
maximum frequency swing of + 2 mc is possible, permit- 
ting the transmission of a baseband 800 ke wide containing 
up to 200 multiplexed voice frequency channels, These 
bandwidth figures, with cross talk interference between 
voice channels of better than 45 db below signal level, 
are possible due largely to the use of the Serrasoid+ modu- 
lator circuit developed by James Day of Radio Engineer- 
ing Labs. Field experience has proven this circuit to be 
very satisfactory under operating conditions due to its 





*Trade name reg’d, Radio ‘Engineering Laboratories, Inc. 


CANADIAN ELECTRONICS ENGINEERING JULY 1958 
































Fig. 7. Receiver Fig. 8. Exciter 


stability and its tolerance of circuit value changes due to 
component aging and replacement, etc. 

The Serrasoid modulator is designed to produce from 
a crystal controlled source at the carrier sub-multiple fre- 
quency a train of short pulses, and to shift their phase in 
accordance with modulation in order that instantaneous 
deviations in their recurrence rate are produced. The cir- 
cuit incorporates four vacuum tubes exclusive of those 
required for amplification of the audio signal and is illus- 
trated in the basic schematic of fig. 5. In the input of VI, 
the crystal oscillator produces negative going pulses cor- 
responding to the plate current flow as shown in fig. 6(A). 
These are applied to V2A after having been shortened 
and shaped by C3, R4 and the grid conductance of V2A 
to produce pulses several times greater in amplitude, and 
one tenth the pulse length. These short positive pulses at 
the plate of V2A are clipped at the base by the following 
cathode follower which is biased beyond cutoff between 
pulses by R7, R6 and C4, The output is a train of steep 
positive going pulses of duration less than one tenth the 
original pulse length at the output of V2B as shown in 
fig. 6(B). 

At the input circuit of V3A grid current is drawn, and 
the time constant of CS and shunt resistor R8 maintains 
a cutoff bias except when pulses are applied from the out- 
put of V2B. While V3A is cut off, capacitor C7 becomes 
charged through R10 which is discharged through V3A 
when a pulse is applied to the input. During the charging 
period the increase of voltage on C7 would have too much 
exponential curvature except for the correction provided 
by the cathode follower V3B. The normally constant volt- 
age at the positive end of R10 has superimposed on it the 
rising voltage on C7 so that the drop on R10, and hence 
the charging current, is maintained practically constant. 
The saw-tooth wave thus developed is applied directly to 
the grid of V4A. In V4A the tube is cathode biased so 
that conduction begins when the saw-tooth is about half- 
way up. Because C8 is large, and holds the bias constant 
during the saw-tooth period, the grid current stops the 
charging of C7, and the top half of the saw-tooth wave 
is clipped as shown in fig. 6(C), By varying the cathode 
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Fig. 9. 2 kw Amplifier 


bias of V4A, the leading edge of the plate current pulse 
will vary in time or phase, an advance resulting from low- 
ering of the bias, and a retardation resulting from an in- 
crease. The application of audio signals through a cor- 
rector circuit to the cathode of V4A causes the position 
of the leading edge of the pulse to vary as shown in fig. 
6(D). The corrector circuit of C8 and R15 ensures that 
the resulting amplitude at C8 is inversely proportional to 
audio frequency over the range upward from 50 cycles. 
Fig. 6(D) illustrates the extreme positions of the leading 
or negative going edge during 100 percent modulation at 
50 cycles. 

The wave at the plate of V4A is differentiated by C10 
and R16, and the grid cathode conductance of V4B so 
that the tube is cut off for a short time during each cycle 
beginning at the leading edge, which produces positive 
pulses at the plate of V4B as shown in fig. 6(E). This 
wave is then amplified, and its frequency multiplied to 
bring the signal to the final carrier frequency, The pulse 
train is converted to continuous wave by selective circuits 
at a harmonic of the subcarrier, and the final frequency 
modulated signal is derived by suitable frequency multipli- 
cation and heterodyning. 

The 2 kw power amplifier incorporates a three-cavity 
air-cooled klystron, while the 10 kw power amplifier utilizes 
a four-cavity water-cooled klystron, They are both Eimac 
tubes. 

The input excitation required for a four-cavity 10 kw 
klystron is approximately two watts for wide band oper- 
ation and half a watt for narrow band operation. In wide 
band operation, the intermediate cavities are stagger tuned 
and loaded, thus reducing the tube gain. 

The photographs show the appearance of the receiver, 
exciter, 2 kw and 10 kw amplifiers. The amplifiers have 
dummy loads incorporated in them to permit adjustment 
and testing without signal radiation. 

The author would like to acknowledge with thanks the 
assistance given by members of the engineering staffs of 
Northern Electric Co. Ltd., Radio Engineering Labora- 
tories Inc., and Eitel-McCullough Inc. in the preparation 
of this article. END 
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New president of EIA is R. M. Robinson 
The responsibility of guiding Canada’s 
electronics industry—which collectively 
produces $500 million a year—has been 
given to R. M. Robinson. Mr. Robinson is 
vice-president and general manager, Electronic 
Equipment & Tube Dept., Canadian General 
Electric Co. Ltd. Born in Derby, England, 
he joined CGE upon arrival in Canada in 
1928. He has been with the company since 
that time except for time out to complete 

his education. He is an honors graduate in 
electrical engineering from the University 

of Toronto. 





Some of the new executives 

L-R: J. D. Houlding and E. Leaver, Electronics 
Div.; W. H. Jeffery, past pres.; R. M. Robinson, 
pres.; R. A. Hackbusch, director of engineering; 
J. Key, Components Div.; S. D. Browniee, 
Receiver Div. . 
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RETMA 29th annual meeting 





Future prosperity 
of Canada depends 
on research in 
electronics 


“The world race will be won by those nations, not 
necessarily with the greatest supply of natural resources, 
but with the greatest store of knowledge and intelligence.” 

Speaking at the 29th annual meeting of RETMA of 
Canada, retiring president W. H. Jeffery stated that while 
education was important, it was only the beginning. 

“Research is the answer.” 

“The one industry which affects all major industries 
in either its end product or in its manufacture of that 
end product, is the electronics industry. This industry, 
more than any other, lends itself admirably to decentrali- 
zation. Research centres could be established throughout 
the country, thus spreading the labor load and the benefits 
therefrom. A position of commanding world leadership 
could be obtained in electronic research at lower cost 
than with any other industry.” 

Mr. Jeffery went on to prophesy that, ten years hence, 
the electronics industry in Canada in close partnership 
with public bodies such as D.R.B. and N.R.C. will have 
raised Canada to a position of high stature in the world. 

. surely it is obvious that for the long pull of many 
years ahead, the key to security and success lies in being 
better in Canada in some particular endeavor than anyone 
else in the world.” 

“Let us make this our destiny. There is no other 
industry where expanded research and development can 
mean so much to our national economy. Let us take the 
lead.” 

Confirming this point of view, the Deputy Minister of 
Transport, J. R. Baldwin stated that “The future 
health of the telecommunications ‘industry depends on re- 
search, not only in the true and conventional sense, but 
equally in direct operational research to determine what 
the operational needs will be a few years from now and 
what techniques will be available to meet these needs.” 


Manufacturers adopt new name 


In recognition of the ever broadening spheres of 
activities of the electronics industry, the Radio-Electronics- 
Television Manufacturers Association of Canada _ has 
changed its name to Electronic Industries Association of 
Canada. 

There is a large new market opening up in the fields 
of commercial and industrial electronic products such 
as data processing machines, electronic control equipment 
for automation, microwave communication equipment and 
other electronic products for both specialized and non- 
specialized applications. The use of electronic equipment 
in many primary and secondary industries is increasing 
rapidly. Also, new major developments in electronic com- 
munications are creating new demands on the electronics 
industry, both for the production of components and for 
end products. More electronic control equipment for 
nuclear power plants will be used as atomic power 
stations are developed in Canada. 
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Visitors from U.S.A. 

EIA guests S. R. Curtis, J. D. 
Secrest and D. R. Hull with host 
R. A. Hackbusch Optimism 

A. L. Stopps saw good signs 
for the Components Division 
in the “buy in Canada” 
movement 








he 


A little fun 


News that channel 17, Buffalo 
would close spurred attempt to sell 
this artwork for an advertise- 
ment—cheap 





A serious discussion 
Some lingered after the general 
meeting to compare notes. 


A little relaxation 

A rare treat for any businessman 
is a little rest, sun and fresh 

air between meetings 





‘ot 
nm 
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What’s new in view 





Models and computers 
are being. used more 


widely in industry 





Sterling Precision Corp. turntable checks complete 
navigation systems for alignment characteristics of their 
inertial components, and for drift of gyro and platform 





Forty yards with a No. 2 iron is ggod on any course. This 
General Electric transistor did it—and survived due 
to critical elements being welded flat on ceramic disc 
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Fast neutrons built up strain in graphite moderators of 


reactors. Wigner energy release—heating and slow cooling- 


releases strain from Britain’s research reactor BEPO 





Oscar, head test man at Shure Bros., Inc., tries 
out a new magnetic microphone built for mobile 
radio. Transistor preamplifier is built into case 





“ 


This is work? Geologist goes “fishing” with Varian 
Associates’ one-man portable magnetometer. Sensing 
head hangs over bow; remainder is in small pack 
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Fairey-Ferranti 3-dimensional electronic milling machine Models are used extensively to aid Britain's atomic 
built to British Ministry of Supply specifications can energy development work. This one at General Electric 


handle light alloy or steel components up to 25'x7'xI' Co. studies heat transfer from reactor to generating plant 


U.S.S.R. shows its new computers at Brussels World Fair 





Analog computer MN-M can handle 6 th order nonlinear “VPRR” computer determines the best operating conditions 
differential equations. This is the smallest computing for metal working tools, taking into consideration the 
machine in the Soviet Union and uses semi-conductors machine capacity and the strength of the cutting tool 





Electronic tabulator T80-102 is designed for mechanical Harmonic analysis of graphically set functions is the 
accounting, statistical calculations and planning. Input job done by analyzer GA-2. It was developed specifically 
is 80-column card. Answers are typed on paper tape for analyzing data obtained during the IGY program 
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As an exhibitor 


What do you think of the I.R.E. 
Canadian Convention? 


Very, very favorably impressed . . . 
John Herring of John Herring & Co. Ltd. 


Did you gain any business from your display at last 
year's show? 

Absolutely! We did obtain some business that can be 
traced directly to our sales display at the 1957 show. 

How do your principals feel about the IRE Canadian 
Convention? 

There is an answer to that question in a letter just 
received today. They were asking for details on the 1958 
show. 

Our principals do give us every co-operation in regard 
to the supplying of samples for our exhibit. Any of the 
principals who have visited us are very, very impressed 
with the class of people attending the show, and the ease 
with which they can get around to see a much smaller 
show as compared with the larger one in New York. 


Excellent... 
Dave Dalzeil, Sales Manager, Canadian Applied Re- 


search Ltd. 


I am slightly prejudiced on this subject because of my 
experience as an exhibitor at both the IRE Canadian Expo- 
sition and the New York Radio Show. Up until 1956 we 
had to go down to New York to show our products or 
meet the key people from the electronics industry in Can- 
ada. So at the start, this IRE Canadian Exposition was a 
good idea from our point of view because it saved us 
going away off to New York. 

When the Canadian ‘show opened up it enabled us to 
operate on our own home ground. We quit going to New 
York because, essentially, we are after the Canadian elec- 
tronics engineers. 

Can you trace any of your sales to your exhibits at the 
IRE Canadian Exposition? 

We have made a terrific number of contacts at the 
show — very good ones — that have led to a number of 
sales. After all, our purpose in exhibiting at the show is to 
meet people and eventually sell goods. I think we have 
accomplished this much better right here at the Canadian 
show than we did previously at New York. 

What are your plans for this year? 

We will have a 30-ft. space, the same as last year. We 
put on as many as twelve shows a year in the various fields 
in which we operate. Only two of these are big shows and 
the IRE is one of them. It is the only big one in Canada 
for us, and the only big one in electronics so we pay a lot 
of attention to it. 

What do you think will be the trend of the displays 
at the 1958 show? 

The trend last year was away from the military equip- 
ment to the commercial arid industrial. This year I wouldn’t 
be surprised to see some of the consumer goods, such as 
color TV receivers. 

Now that we have a missile program coming up in 
Canada I expect that the various suppliers and subcontrac- 
tors will work on that theme—as far as they can within 
the bounds of military security. 

How does the organization of the IRE Canadian Ex- 
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position compare with others you have attended? 

In the two years we have exhibited here I have found 
that right from the start, when you get your first notice 
of the show, that everything is pretty well laid on. It’s well 
organized when you get down to Exhibition Park. It’s easy 
to move into the building, easy to get up and the services 
are excellent. 

Our display last year was a new one and we had a lot 
of trouble with the lights just before opening time. But we 
had very good service from the electrical contractor down 
there and cleared the trouble. 

When the IRE Canadian Convention first started up 
there was some feeling in the industry that it should be 
held only every second year. But I think that it is devel- 
oping into a really worthwhile event and I’m glad to see 
that it is going to be a permanent annual meeting. 


Definitely worth while . . . 
Arn Price, Manager Government and Industrial Dept., 
Philco Corporation of Canada. 


Has the show increased your sales? 

One of the difficult things about a large company is 
trying to trace down the origin of any sale. An exhibit is 
something like an advertisement — you don’t always know 
who has seen it. But I do know one thing for certain. If 
you don’t show people what you are making then sales are 
bound to drop off. 

We can trace a few of our orders directly to the IRE 
show last year. And we definitely intend to stay with the 
show. 

What do you think the manufacturers will be showing 
this year? 

I think that the show will be predominantly commer- 
cial and industrial this year. After all, there have been very 
few military contracts placed during the past year so it is 
reasonable to assume that most of the people in the indus- 
try will be aiming at the nonmilitary market. 

Do you think that the public should be encouraged to 
visit the show? 

I have a few reservations on this subject. Certainly we 
want to educate and encourage the younger people who 
are interested in the electronics industry. It is somewhat 
inevitable that public days will interrupt the main purpose 
of the show—that is, getting together with the engineers of 
the industry. However, it is part of our responsibility to 
become acquainted with the younger people, and the ar- 
rangement is quite good at the Canadian show. It is cer- 
tainly much better than the arrangement they have at 
some of the trade shows I've seen. 


Next Month... 


The engineers give their impressions of the IRE Cana- 
dian Convention and Exposition. Three of them have 
been interviewed already, but if you would like to air your 
views, particularly about things you would like to see or 
hear at this year’s convention, write to, the editor of CEE. 
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Why? E. H. Walker prefaced 
this remark by pointing out that 
business papers are the sorters 
and fact-finders, and that it was 

. compulsory for every business 
man to turn to the printed word... 
our economists, our engineers, our 
sales people and our purchasing 
agents.” 





CENERAL 

“We at General Motors of Canada”, MOTORS 

concluded Mr. Walker, “also look to 

business papers as a natural medium E. H. Walker, President, General Motors 
. . ° of Canada Limited. 

for telling others in business about our- 


selves and our products.” 





This paper is a member of 


SEND BUSINESS NEWSPAPERS ASSOCIATION 
137 Wellington St. Toronto, Ontario QF CANADA 


... circulation independently audited. 
. . editorial to highest ethical standards. 
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For your library 








First of two volumes on network 
synthesis is now available 


Network Synthesis 


Volume 1 

David F. Tuttle, Jr., John Wiley & 
Sons, Inc., New York; 1175 pp; 
$23.50. 


Reviewed by: S. G. Jones, Radio 
and Electrical Engineering Division, 
National Research Council. 

This first volume of Professor 
Tuttle’s two-volume text on the syn- 
thesis of passive electric networks 
composed of lumped, linear, constant 
elements for prescribed steady-state 
behaviour with frequency considers 
networks with two terminals. Volume 
II will treat four-terminal (transmis- 
sion) networks. 

The book appears to be an excel- 
lent text for a graduate course, and 
should appeal to those who by inde- 
pendent study aspire to place their 
knowledge of network design upon 
firm foundations. Some background 
of circuit analysis and familiarity with 
the complex frequency variable is as- 
sumed, and the essentials are revised 
in early chapters. What networks can 
and cannot do is systematically de- 
termined, the important concept of 
positive reality is developed, first as 
necessary, then sufficient for realiz- 
ability, and the more significant meth- 
ods of synthesis are thoroughly dis- 
cussed. Finally, methods of approxim- 
ating the prescribed characteristics 
with a realizable network are con- 
sidered, including detailed discussion 
of the potential analogy. 

The author does not hesitate to 
stress important points by repetition, 
or to tackle explanations from differ- 
ent viewpoints. The book is gener- 
ously supplied with worked examples 
and proofs, has an abundance of prac- 
tice problems and contains an exten- 
sive bibliography. The length of the 
work tends to invite criticism until it 
is recognized that this is a necessary 
condition for its readable style, com- 
prehensive coverage and clarity of pre- 
sentation. 

Regarded as a communication 
channel between author and reader, a 
book must be prepared (message en 
coded if you like) by giving appro- 
priate weight to the conflicting require- 
ments of (1) keeping the size and 
cost of the channel to a minimum, and 
(2) making the ease of assimilation 
(decoding) by the reader a maxi- 
mum. All too often technical works 
tend to give more weight to the first of 
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these. Dr. Tuttle, highly regarded as 
teacher and mentor of graduate stu- 
dents, has seen fit to stress the second, 
a decision likely to win the approval 
and appreciation of the majority of 
readers. 


Logical Design of Digital 
Computers 

Montgomery Phister, Jr. John Wiley 
& Sons, Inc., N.Y.; 408 pp; $10.50 

Reviewed by: G. W. L. Davis, chief 
engineer, Ferranti Electric Ltd., Elec- 
tronics Div. 

This book is unusual in one dealing 
with digital computers by concentrat- 
ing on “why” rather than “how” they 
work. The over-all machine design is 
described as consisting of three parts: 
(1) System design, (2) Logical design 
and (3) Circuit design, As the title 
states, it is logical design only that 
Dr. Phister treats in detail. 

Earlier chapters describe the devel- 
opment and use of Boolean or switch- 
ing algebra. The Veitch diagram 
method of simplification is explained 
and its use is demonstrated with a 
number of examples. 

All the following chapters make ex- 
tensive use of Boolean algebra and 
the whole book may be said to hinge 
on logical design using this powerful 
tool. Almost all descriptions of tech- 
niques assume the use of synchronous 
circuits and examples are given to 
enable them to be applied to a variety 
of logical designs. 

Brief descriptions are given of most 
types of computer peripheral equip- 
ment and also the various memory 
units now in use, The Hoffman-Moore 
model of digital systems is explained 
and its use for circuit analysis and 
synthesis is demonstrated. 

The book is aimed at providing the 
reader with all the tools necessary for 
logical design and many very useful 
examples including the complete de- 
sign of two simple computers are 
given, Exercises are provided at the 
end of most chapters. 


Television in Science 
and Industry 

V. K. Zworykin, E. G. Ramberg and 
L. E. Flory. John Wiley & Sons, Inc., 
New York; 300 pp; $10. 

Reviewed by: R. P. deKarwin, 
Specialist-Industrial Television, Cana- 
dian General Electric Co. Ltd. 

For the past ten years, people have 
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been making predictions about the 
use of television in science, industry, 
medicine and commerce. 

In the story “1984” by Orwell, 
which has been dramatized on Ameri- 
can television, it was shown how a 
dictator could mold the minds of the 
populace by means of television. It 
described the horrible thought that 
each individual person in the populace 
was under continual surveillance by 
“Big Brother.” 

We are sure that this type of pre- 
diction is extremely far-fetched. The 
truth of the matter is that television 
is simply another aid which mankind 
can apply to help make his daily work 
more efficient or easier to perform. It 
is another extension of our natural 
senses and complements our hearing 
and speech by adding “A Tool for Re- 
mote Human Vision.” In short, tele- 
vision offers science and industry new 
means for “visual communication.” 
The applications are infinite, limited 
only by our imagination. 

This book explores the present and 
potential functions of industrial or 
closed circuit television. The chapters 
outline the application of television in 
research, medicine, education, com- 
merce and many other fields. The text 
is amply supported by illustrations. 

The authors discuss monochrome, 
color and 3-dimensional television. 
They analyze both equipment and ap- 
plications. All three authors are pres- 
ently engaged by RCA and are emi- 
nently qualified as writers on the sub- 
ject. Mr. Zworykin is honorary vice- 
president and technical consultant, Mr. 
Ramberg is research physicist, and Mr. 
Flory is research engineer. 


Hi-Fi Year Book 1958, 
Stereo Edition 

Edited by Miles Henslow, Miles 
Henslow Publications Ltd., 99 Morti- 
mer St., London, W.1; 208 pp; 10/6 
net 

The purpose of this Year Book is 
to provide as complete a survey as 
possible of all the best hi-fi equipment 
available on the British market. It 
contains seven directory sections on 
pickups, amplifiers, radio tuners, 
microphones, tape recorders, speakers 
and enclosures. It also includes a list 
of British hi-fi dealers. 

Of equal value to the reader is a 
group of explanatory editorial articles 
written by experienced engineers in 
the audio field. Subjects on stereo in- . 
clude—The “half-thou” point, Stereo 
pickups, Pre-amps and amplifiers, 
Stereo via radio, Speaker require- 
ments, and Stereo from tape. 

The monaural section of the book 
contains the following articles: Pick- 
up survey, Amplifiers, Motor units, 
Radio tuners, Hi-Fi furniture, Micro- 
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phones, Recorders, Hi-Fi and domes- 
tic, Choosing a speaker, Printed elec- 
tronic circuits, Looking ahead, 

To get all the information from this 
book the reader should have a strong 
background in audio or broadcast 
work, However, the text is so written 
that nontechnical people with some 
experience or knowledge of audio will 
be able to follow the discussion with- 
out any trouble. 

Both the editorial articles and the 
directory listings are well illustrated. 


Conductance Curve 
Design Manual 

Dr. Keats A. Pullen, Jr. (John F. 
Rider Publisher) Charles W. Pointon 
Ltd., Toronto; $4.45. 

The author has devised an original 
technique for designing circuits which 
will shorten design time and minimize 


the problems arising from the educat- | 
ed guess. It contains conductance | 


curves for more than 70 of the most 
representative vacuum tubes in all 
services. 


Catalogues and brochures from 
the manufacturers 
High voltage testing is a cinch, 
Four-page brochure on test equipment 
for use at high voltage. CRIterion 
Div. of Canadian Research Institute, 
Toronto. (101) 
Temperature and pressure measure- 
ment, 21-page glossary of terms. 
Trans-Sonics, Inc., Burlington, Mass. 
(102) 
Electrical Connector Soldering 
Techniques by Irving K. Jensen, 11- 
page report. The Deutsch Co., Los 


Angeles, Calif. (103) | 


Two-way mobile radio equipment. 
38-page book, ECR-497 describes 
range of equipment available from 
Canadian General Electric Co. Ltd., 
Toronto. (104) 

Refining nickel from the Sudbury 
ores. 16 mm color film has running 
time of 52 minutes. The International 
Nickel Co. of Canada, Ltd. (105) 


Propellant actuated devices for arm- | 


ing, cutting, destroying, disconnecting, 
fastening, igniting and valving are de- 
scribed in four-page brochure PAD- 
358. Beckman & Whitley Inc., San 
Carlos, Calif. (106) 

MS-E environmental resisting con- 
nectors in lighter, shorter form are de- 
scribed in 16 page catalogue MS-E-3. 
Cannon Electric Canada Ltd., To- 
ronto. (107) 

Resin data wall chart, shows data 
for the various standard resins of 
Emerson & Cuming, Inc., Canton, 
Mass. (108) 

The atomic revolution, Picture-cap- 
tion booklet traces story of atomic 
energy from 1896 to the present. 
Canadair Ltd., Montreal (109) 


Economy and Quality with 











NEW 


22 Circuit Centralab : 


MINIATURE SWITCHES 








These new switches are designed for application 
where costs must be kept to a minimum without 
compromising rigid electrical specifications. New 
laminated construction allows up to 22 separate 
switch points on a 17%" diameter. 


@ Voltage breakdown, 1000 volts R.M.S. 
Back to back insulated clips, 500 volts 
R.M.S. Laminated phenolic sections 
type PBE perspecifications MIL-P-3115. 


e Current rating 2 amp. at 15 volts DC; 
150 milliamps at 110 volts AC (resistive 
load). 


@ Minimum life, 10,000 cycles. 


e@ Supplied as single section, double sec- 
tion, or single section with line switch. 
2-12 positions per switch. 


Wee detatied spoctiontiens, @ AC line switches for single section units 
wri or etin - or . » 

contact your Centralab in SPST, DPST and SPDT switching 
representative. arrangements. 


804 MT. PLEASANT ROAD 
» TORONTO 12, ONTARIO 


P 5808 Affiliated: CENTRALAB « MILWAUKEE 1, WISCONSIN 


VARIABLE RESISTORS © SWITCHES © PACKAGED ELECTRONIC CIRCUITS 
CERAMIC CAPACITORS ¢ ENGINEERED CERAMICS ¢ SEMI-CONDUCTOR PRODUCTS 





For further information mark No. 13 on our Readers’ Service Card 
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New products 








Sensitive photoelectric cells 
can drive relay directly 


A large cadmium sulphide photo sens- 
itive element has beeu used in cells 
ORP30 and ORP90 to provide sensitivity 
of 10 amps per lumen. They may be 
operated directly from either a-c or d-c 
with maximum ratings of 350 volts d-c 
or 250 volts a-c and are also suitable 
for operation at 6 or 12 volts. 

Cells ORP30 or ORP90 have a useful 
dissipation of 1.5 watts and 1.2 watts 
respectively. Due to their high sensitivity 
and dissipation, a relay may be operated 
directly from the tubes without the use 
of an intermediate amplifier. The tubes 
also feature a low dark current. At 300 
volts, the dark current for the ORP90 
is 2.5 microamps. 

The photo conductive portion of the 
cell is a layer of evaporated cadmium 
sulphide and cornection is made through 
silver strips in contact with the sensitive 
layer. The complete unit is mounted in 
a tube envelope and evacuated. ORP30 
fits an octal socket and ORP90 fits a 
9-pin miniature socket. ORP30 is de- 
signed for top illumination while ORP90 
is designed for side illumination. 

Rogers Electronic Tubes and Compo- 
nents, Toronto. (110) 


Gossen electrical measuring 
instruments 

Gossen a-c and d-c volt meters, am- 
meters, watt meters and many special 
meters are now available through a Cana- 
dian representative. All have shock 
mounted jewels and oversize movements. 
The series Px of panel meters is stocked, 
finished and serviced in Canada. 

Canadian Research Institute, Toronto. 

(111) 


Vulcanized fibre is ; 
flame-resistant 

An additive that completely penetrates 
the material can be used in any of the 
standard grades of vulcanized fibre to 
make them flame-resistant. The new 
flame-resistant grade of vulcanized fibre 
is designed for mechanical applications 
where flame-resistance and _self-exting- 
uishing qualities are important. The fibre 
does not have the good electrical proper- 
ties associated with standard vulcanized 
fibre. It is not recommended for use 
where arc resistance is important, be- 
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cause—although it will not ignite at the 
break-down point in arcing—it will carb- 
onize and permit conductance. For arc- 
resistance applications standard fibre is 
recommended because it resists carbon- 
ization and arcing. 

National Fibre Co. of Canada Ltd., 
Toronto. (112) 


Silicone power 
rectifiers 

Conservative rating has been applied 
to the ST series silicon power rectifiers 
to obtain reliable operation over a wide 
range of conditions. Characteristics are 
listed as follows: continuous current rat- 
ings at 100C are 1.5 times normal; at 
40C—-1.9 times normal. Percent of con- 
tinuous forward rating: 0.01 seconds—S5 
times normal; 0.01 seconds—4 times nor- 
mal; 1.0 seconds—2.6 times normal: 10.0 
seconds—1.8 times normal; 60.0 seconds 
—1.3 times normal. Maximum peak in- 
verse is 600 volts. 

Reverse voltage transients in excess 
of peak inverse voltage are clipped at 
Zener without harming junction provid- 
ing the transient is within the recovery 
time of the diode. 

Taylor-Leslie Mining & Engineering 
Corporation Ltd., Toronto. (113) 


Hand-carried two-way 
transmitter-receiver 

Transistors have been used throughout 
the receiver of this new hand-carried vhf 
mobile communications equipment. GE 
transistor No. 3N36, engineered for fre- 
quencies up to 100 mec will be used in 
the 25-54 mc low-band portable. Units 
designed for high-band (144-174 mc) will 
be equipped with GE transistor No. 
3N37, designed for use up to 200 mc. 
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Both these transistors are tetrodes. 
Sensitivity of the receiver is 0.4 micro- 
volts. The equipment is designed for 
operation on two frequencies. 
Canadian General Electric Co. Ltd., 
Toronto. (114) 


Potentiometer for use 
with thermocouples 

Model E-4476 potentiometer has been 
designed specifically for thermocouple 
use. It is direct reading over two ranges: 
0-10 and 1-101 millivolts, readable to 
0.005 mv or better. All controls are 
grouped on an engraved Arboron panel 
and the potentiometer is completely self- 
contained in a portable hardwood case 
measuring 13% in. by 12 in. by 5% in. 
Battery, standard cell and valvanometer 
are all included. 

Modifications are available to handle 
two or more thermocouples, or to sup- 
ply calibration current to meter type 
pyrometers for recalibration purposes. 

Canadian Research Institute, Toronto. 

(115) 


Silicon high Q variable 
capacitor 

The International Rectifier Corpora- 
tion Semicap is a silicon high Q variable 
capacitor designed to replace mechanical 
capacitors and other variable reactance 
elements. At 1 mc the Q exceeds 1,000 
and it has a 10 to 1 capacity ratio well 
within its peak inverse voltage rating 
of —200 volts dc. The small size with 
low power requirements makes it suitable 
for automatic frequency control, fre- 
quency modulation oscillators, band pass 
and filter networks. In addition it offers 
such benefits as linear voltage vs fre- 
quency calibration, and virtual insensitiv- 
ity to. variations in temperature. 

Atlas ‘Radio Corporation 
Toronto. 


Limited, 
(110) 


Flasher for high-frequency 
cinematography 

The Frungel ultra rapid flasher can 
be adjusted to provide from one to 
25,000 flashes per second. Duration of 
the flash is 1 microsecond or less, de- 
pending on the kind of gas filling and 
pressure. Flash energy is variable from 
i to 10 joules, and the accuracy of 
flash timing is better than 0.1 micro- 
second. 





The light source has been designed for 
‘use with high speed cameras and drum- 
type cameras. Power requirements are 
110, 127 or 220 volts, 50 or 60 cps, 
single phase; between 150 and 450 volt- 
amperes depending on the flashing fre- 
quency. 

Mechron Engineering Products Lim- 
ited, Ottawa. (117) 

(Continued on page 43) 
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New products—cont. 


Bulk tape 
eraser 


An automatic bulk tape eraser offers 
many advantages in removing noise and 
previous data from magnetic tapes. It 
is designed for speedy, high-volume 
degaussing on a continuous or intermit- 
tent basis. 

The degausser accommodates all types 
of metal and plastic reels in tape widths 
up to one inch and in diameters seven 
through fourteen inches. Designed basic- 
ally for NARTB reels, the unit can also 
take businessmachine and special type 
reels by using a spindle adaptor. 








In operation, a reel of tape is placed 
on a spindle and a door is closed, initiat- 
ing the automatic degaussing cycle. A 
controlled relative motion of both tape 
and degaussing field produce an optimum 
erasing pattern, with ali signal and extra- 
neous noise being reduced below funda- 
mental tape noise. Completion of the 
cycle is indicated by a green signal light. 

Ampex American Corp., Toronto. 

(118) 


X-ray exposure 
monitor 
An x-ray exposure monitor for spot 
film work, known as the Verithin photo 
timer scanner, has been developed by 
Westinghouse. The unit consists of a 
plate of plexiglass with a central area 
treated to glow when exposed to x-ray. 
The photo timer is only % in. thick. 
Other advantages include: completely and 
permanently sealed against room light, 
dust, barium and other foreign material; 
provides for both conventional and 
Fluorex spot films; eliminates need for 
special phototiming cassettes, scanning 
area is 12% sq in. to assure constant 
density and eliminate danger of “Barium 
Block.” 
X-ray and Radium Industries, Toronto. 
(119) 


E-type negative impedance 
repeaters 

Hallamore E-type negative impedance 
repeaters are designed to compensate for 
transmission losses in exchange cables. 
They provide compact plug-in design for 
efficient installation, maintenance and 
testing, and dc continuity for signalling 
without the need of auxiliary equipment. 

These repeaters are interchangeable 
with Western Electric E-2 and E-3 series 
type repeaters. 

Pye Canada Limited, Toronto. (120) 


(Continued on page 44) 


— COMPACT, 3-OUNCE TIME DELAY RELAY 


with silicone-controlled 
delay from t/a to 120 seconds 





Worth a closer look... the Heinemann Type A Silic-O- 
Netic Relay. Despite its small overall size, the relay offers 
many big performance features. 


For example, double-pole, double-throw switching . . . at 
fast snap-action contact speed. 


The relay is a load carrier in itself: it may be energized 
continuously . . . does not require auxiliary lock-in circuits. 


And it has a hermetically sealed time element that is forever 
free from the effects of aging or fatigue. The Type A Relay 
has proven itself in countless applications; it will give you 
reliable service over a long, long operational life. 


BRIEF SPECS 


Time Delays: from 1/4 to 120 







-1aelales: 
For full details, refer to Bul- 
letin T-5002. A copy will be 


sent on request. 


Overall Dimensions: 
x 2 x 1-9/16 





Contact Capacity: 3 amps at 
120V AC 5 amps at 240V AC 
vductive load), 1 amp at 


0.5 amp at 125V DC 


HEINEMANN 
ELECTRIC COMPANY <> 


| 166 Plum St., Trenton 2, N. J. 





S.A. 1678 


For further information mark No. 15 on our Readers’ S-rvic> Card 
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New products — continued 





Daglas magnet wire has good 
flexibility and strength 


Daglas magnet wire—a new product 
offering greater flexibility, superior ad- 
hesion and resistance to surface abrasion 
—is now being manufactured in Canada. 
This product is made by wrapping bare 
or enamelled copper wire with a combina- 
tion of Dacron and glass fibres, then 
heating them to fuse the glass fibres in 
place. An over-all coating of varnish 
is applied, providing a smooth finish and 


improved abrasion resistance. Applica- 
tions include starting windings of motors, 
and in the coils of welding, battery charg- 
ing and test equipment. 
Photo shows how wire can be twisted 
without damaging Daglas insulation. 
Federal Wire & Cable Division, H. K. 
Porter Co. (Canada) Ltd., Guelph, Ont. 
(121) 








PRE-SELL YOUR EXHIBIT 


AT THE 


CANADIAN CONVENTION 
IN 


CANADIAN ELECTRONICS ENGINEERING 
OCT. PRE-SHOW ISSUE 


A complete preview of this important event with a supple- 
mentary section of more than 30 pages. Featuring a descrip- 
tion of the full Exposition program, abstracts of technical 
papers, floor plan, list of exhibitors booths, listing personnel 
and describing the products displayed. This issue will be 


of unusual interest to all exposition visitors. 


Reserve your space now 
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Tube for critical 
audio work 

Audio tube type 12AX7A offers supe- 
rior performance characteristics to the 
12AX7 for Hi-Fi and critical audio ap- 
plications. Hum reduction of up to 20 
db has been achieved in the 12AX7A 
over the 12AX7. Substantial improve- 
ments in microphonic rating have been 
achieved through close tolerances on 
mica supports, the use of a double mica 
for upper support, and mounting of the 
cathodes under tension to secure rigidity. 

Canadian General Electric Co. Ltd., 
Toronto. ' (122) 


10 kilowatt amplifier 
klystron 

Model VA-833A klystron has been de- 
signed to deliver 10 kilowatts over the 
frequency range from 685 to 985 mc. 
The tube is also being scaled to cover 
lower frequencies of the uhf TV band 
and forward scatter portions of the radio 
spectrum. 

The VA-833A is a four cavity ampli- 
fier klystron requiring about one watt of 
dry power and needs only the addition 
of d-c power supplies, cooling and mount- 
ing magnet to form a complete micro- 
wave amplifier unit. It contains within 
the tube all the RF circuitry required to 
boost the one watt signal to 10 kw. 

Varian Associates of Canada Ltd., 
Georgetown, Ont. (123) 


Miniature thermal 
relay 

A new thermal relay has been designed 
for use in missiles. It is a one-time op- 
erating, single-pole thermal relay, with 
a hermetic seal. 

Three steps occur within the relay 
when an electric signal is triggered. 1. 
Firing effects the release of constrained 
contract. 2. Contact closes upon a fixed 
contact point. 3. Switch circuit becomes 
permanently closed. 





Hughes Products, Los Angeles, Calif. 
(124) 


(Continued on page 45) 
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New products—cont. 





Small ferrite | 
circulator 


Microwave ferrite circulator, model | 
CCM1, for use in CC-band transmission 
and reception systems is lighter and more 
compact than conventional differential 
phase shifters. It measures 5% in. long, 
4% in. high, 3% in. wide, and weighs 
less than 5 lb. Minimum transmit-receive 
isolation is 20 db; maximum insertion 
loss is 5 db. 





Raytheon Canada Ltd., Waterloo, Ont. 
(125) 


Selective 
voltmeter 

Railway Communications Inc. wave 
analyzer type 2174 is a selective tunable 
instrument for measurement of carrier 
system levels in the range 1 to 400 kc. 
Variable selectivity from 100 cycles to 
10 ke (using crystal filters) for both 
measuring and monitoring is achieved 
with an accuracy of +5 db from —80 
to +32 dbm. The analyzer is available 
in both portable and rack-mounted mod- 
els and operates from 115 volts 50/60 
cps. 

Tele-Radio Systems Ltd., Toronto. 

(126) 


Low-altitude altimeter 
for helicopters 

Military low-altitude altimeter, AN/- 
APN-117 was developed by Sylvania in 
conjunction with the U.S. Navy Bureau 
of Aeronautics. The sets were designed 
to have special capabilities for hovering, 
important to the Navy in its anti-sub- 
marine effort and for reconnaissance and 
rescue operations. 

The radar set consists of two specially- 
designed units — and electronic control 
and control-height indicator — and uses 
a Standard receiver transmitter, housing | 
and mounting base. The radar set is 
essentially a microwave altimeter design- 
ed to measure the surface or terrain 
clearance of an aircraft from zero to 
1,000 ft without the necessity of adding 
protruding external antennas. 

Provisions have been made for com- | 
pleting a tie-in to automatic pilots or | 
other devices requiring selected altitude 
data, and a limit indicator system is in- 
cluded in the set to provide an indica- 
tion of flight below a preset altitude. 


THE NEWEST 
SMALLEST 
LIGHTEST 
SERVOMOTOR 


by Oita 1) 














MUIRHEAD 


SIZE O08 SERVOMOTOR 


To meet the increasing demand for low weight small 
size components, Muirhead have produced the size 08 
servomotor. Conforming to the standard 08 frame, 
this miniature motor has an overall diameter of 
0-750 in., a length of 0-963 in. from the front face of 
the spigot to the ends of the connexion tags, and 
a shaft extension of 0-156 in. The shaft is splined in 
the form of an involute pinion of 13 teeth 120 D.P. 
0-1245/0-1240 in. O.D., 0-1083/0-1078 in P.C.D. 20 
pressure angle. The body material is black dichromate 
finished stainless steel. 


TECHNICAL DATA 


Type Number - - - . - O8MIOAI 
Supply- - - - - - - 26V 400c’s 
Stall Current - - - - - - 77mA 
Stall Power - . . - - - - 1-7W 
Stall Torque - - - - - - 0-1 oz. in. 
Stall Impedance - - - - 286 + j 184 ohms 
Stall Power Factor . - - . - 0-85 
No Load Speed - - - . 6500 rev/min. 
Rotor Moment of Inertia : - 0-0026 oz. in? 
D.C. Resistance - - - - - 230 ohms 
Weight - - - - - - - 10oz 


Temperature rise of motor stalled in 
free air unmounted - - - - - 65°C. 


INSTRUMENTS LIMITED 


Sylvania Electric Products Inc., New | STRATFORD - ONTARIO - CANADA Telephone: 3717&3718 


York. (127) 





(Continued on page 46) 337/3Ca 
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New products — continued 





Remote head controls 
small TV cameras 


Small industrial type TV cameras can 
be remotely controlled by the model 
RCH-3 camera head. Mounted on a light- 
duty tripod or other support, the head 
will handle cameras up to 20 Ib. It 
will tilt the camera 45 deg up or down 
and rotate 370 deg. It can also be 
mounted vertically for operation of the 





camera in a vertical position. Speed of 
operation is 2 deg per second in eleva- 
tion, 34% deg per second in azimuth. 
The Houston Fearless Corporation, 
Los Angeles, Calif. (128) 


Battery operated 
recorder 

The Stancil-Hoffman Minitape is a 13- 
lb, battery-operated recorder. It contains 
an automatic volume control preampli- 
fier, a recording amplifier, and a separate 
play-back amplifier. These transistor 
amplifiers are on printed circuit plug-in 
assemblies. Designed for a 50-ohm mi- 
crophone input, full level recording is 
possible at distances of 10 ft or more 
and the automatic volume control fea- 
ture will handle this sensitivity as well 
as close talking. 

The Minitape is available at any of 
the standard tape speeds. At 7% in. per 
second the response is flat to 10,000 cps. 
The centrifugally governed motor, along 
with the amplifiers, is powered by a 
nickel cadmium battery, and the . tape 
speed is held to within 1% from full 
charge to discharge. 

Caldwell A/V Equipment Co. 
Toronto. 


Ltd., 
(129) 


Subminiature servo 
motor 





Small enough to pass through an en- 
gagement ring, this tiny low inertia servo 
motor operates on 400 cps. It measures 
Y% in. in diameter by 1 19/64 in. long. 
It consists of a squirrel-cage rotor mount- 
ed on precision ball bearings, a two-phase 
stator and a stainless steel housing. 
Characteristics include: size—number 5 
frame; weight—0.94 oz; fixed phase and 
control phase voltage—26 volts: fre- 
quency—400 cps; fixed phase and con- 
trol phase current—92 ma; fixed phase 
and control phase impedance—283 ohms 
at stall; power input—3.3 watts; stall 
torque—0.11 oz in.; no load speed— 
9,500 rpm. 

Aviation Electric Limited, Montreal. 


(130) 
Tape sound tracks 
made visible 
Magna-See is a solution that makes 


visible the sound track recorded on mag- 
netic recording tapes. It provides a fast 
and accurate way to visually inspect 
tape for head azimuth, track uniformity, 
balance and head wear. For editing and 
splicing video recording tape, it is a 
simple matter to cut along the visible 
vertical synchronization pulse. 

The Magna-See kit provides the nec- 
essary tools for making recorded tracks 
visible. It includes a half pint can of 
Magna-See type PR solution, a plastic 
bath, a magnifying eye piece for close 
inspection of the track, and a roll of 
pressure sensitive tape with five glass 
slides to make permanent copies of the 
visible tracks. The solution is available 
in individual half-pint cans. 

Reeves Soundcraft Corporation, New 
York. (131) 


Ropes and cables 
of Mylar 

Stretch-control cable made from Du- 
pont Mylar has a high resistance to im- 
pact, chemical agents or solvents. Its 
high dielectric properties and high tem- 
perature stability make it suitable for 
use on such varied jobs as supporting 
antennas and serving as a core for high 
power transmission cable. 

It is available in all standard rope sizes 
from % in. to | in. and in other sizes 
on special order. 

U.S. Plastic Rope Inc., Redwood City, 
Calif. (132) 


Conductive gasket 
material 

A material which has been in use for 
several years in the aircraft industry has 
recently come to the attention of the 
electronic industry. COHRIastic conduc- 
tive gasketing is aluminum alloy wire 
cloth impregnated with Neoprene rubber. 
It seals yet conducts high frequency 
currents, minimizes leakages which affect 
radio reception. Applications are: be- 
tween magnetos and their bases, in igni- 
tion harnesses, in quick disconnect plugs 
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and as wave-guide shielding. 

It is available with either 24 or 30 
mesh aluminum alloy wire and comes 
in 8-in. widths, in lengths up to 36 yards 
or as cut gaskets to meet customer re- 
quirements. 

The Connecticut 
New Haven, Conn. 


Hard Rubber Co., 
(133) 


Rotary selector 
switch 

Ledex rotary selector switch model 
BD2E holds up to four 12 - position 
wafers and is actuated by a Ledex No. 2 
solenoid. The complete unit weighs 3% 
oz and measures 2 29/32 in. by 1% in. 
by 1% in. 

Remotely controlled, it can be either 
self-stepped or externally impulsed or 
has a service life of 500,000 steps. Oper- 
ating voltage is 3 to 300 vdc, and min- 
imum pulse length is 20 milliseconds 
Other features include 12-position float- 
ing ratchets with anti-overthrow latch, 
flange mounting and silver alloy contact. 

G. H. Leland, Inc., Dayton, Ohio. 

: (134) 


Meter measures dynamic parameters 
of transistors 

The Telefunken transistor meter Tele- 
trans I, has been designed to measure 
the dynamic parameters of transistors. 
Incorporated in the meter are a bridge 
section operating together with a 1000 
cps oscillator, a zero indicator and mains 
section. The instrument itself is transist- 
orized. 

Accessories are available which ex- 
tend the range of Ra to 100 k and Rg 
to 10 k. Special adaptors and sockets 
permit the testing of specialized tran- 
sistors. 

The Ahearn and Soper Company Lim- 
ited, Ottawa, (135) 





Plastic adhesive uses 
chemical reaction 

TwinWeld cold solder is a_ plastic 
adhesive which comes in two containers 
and must be mixed just prior to use. 
When spread between two surfaces, the 
plastic reaction that occurs (caused by 
heat) alters its makeup and links the 
bonding surfaces into permanent bond. 
It can be sanded, painted and finished 
like metal. It will bind similar materials 
together or dissimilar materials such as 
wood to metal, metal to glass, etc. It 
will also adhere firmly to cement without 
keying. Rated impact strength is 600- 
foot pounds per sq in. 

['winWeld remains workable for hours, 
has a long pot life, but can be cured 
quickly under a heat lamp. 

Schramm Fiberglass Products, Chicago. 

(136) 
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HAMMOND 
TRANSISTOR TRANsroRMERS 


Over the past few years Hammond has developed 
numbers of miniature transformer prototypes for 
use in the communications, aviation, and instru- 
mentation industries. Now . . . thoroughly tested 
and proven in use . . . Hammond presents: 


the New ‘'44 THOUSAND SERIES” featuring 


encapsulation 

low insertion loss 

low distortion 

wide frequency response 

four different mountings 

a core size for each power level 
56 impedance ratios from stock 


Complete electrical and mechanical specifications 
available with cross reference guide to exact equiv- 
alents of currently popular American types. Write 
for Bulletins 5200/5202/5203. 


SOME HAMMOND (MINIATURE) SPECIALS 





. for printed cir- 
cuit work under 
adverse environ- 
mental condi- 
tions. 


for printed 
circuit appli- 
cations. 


*fclinch lug” 
mounting for 
production use. 
Let Hammond undertake the design, development, 
and precision manufacture of your Audio . . . Power 
... Pulse . . . and High-Frequency Transformers. 
If your requirement is not met by a stock item the 
factory will build a “transformer” to your specifica- 
tions. Enquiries for large or small quantities are invited. 


STANDARD ITEMS STOCKED BY JOBBERS COAST TO COAST 


HAMMOND MANUFACTURING COMPANY LIMITED 
H/57/8 GUELPH, ONTARIO, CANADA 


Since 1927 - Canada’s Transformer Specialists 
For further information mark No. 14 on our Readers’ Service Card 
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Round up: news and future events 














To preview the coast-to-coast microwave network, CBC and Trans-Canada 
Telephone System held a king sized TV press conference. Newsmen from nine 
Canadian cities were able to see and talk to CBC general manager A. Ouimet, 
standing, and T. W. Eadie, chairman of the Trans-Canada Telephone System 


Canada’s $50,000,000 microwave 
system is now in operation 


Canadians from coast to coast were 
brought closer together on July 1, 
when the world’s longest single micro- 
wave system came into full service. 
Built and operated by the Trans-Can- 
ada Telephone System, it stretches 
from Sydney, N.S., to Victoria, B.C. 

“A unique vehicle for telling the 
story of Canada both past and con- 
temporary, the CBC’s television serv- 
ice will now become — even more 
than previously — the eyes of Cana- 
dians upon their nation,” J. A. Oui- 
met, CBC general manager, believes. 
“It is thus singularly appropriate that 
the opening of this network took place 
on Dominion Day, the day dedicated 
to Canadian unity.” 

Seven of Canada’s major telephone 
systems—three of them government- 
operated and the others privately- 
owned—pooled their efforts to con- 
struct the coast-to-coast microwave 
network. The scores of long-haul 
telephone circuits the system provides 
will play an important role in Can- 
ada’s business progress and prosperity. 

The Trans-Canada Telephone Sys- 
tem’s “skyway” comprises 139 relay 
stations spread over the 3,900 miles 
from Atlantic to Pacific, with spur 
lines adding several hundred addi- 
tional miles, and over 30 more relay 
points. Canadian Pacific Communica- 
tions and Canadian National Teie- 
graphs jointly provide television trans- 
mission to French network points in 
Quebec and to cities in southwestern 
Ontario. 

Newfoundland will be linked to the 
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microwave network next year when 
Canadian National Telegraphs com- 
pletes the difficult 70-mile hop across 
Cabot Strait. 

Completion of the transcontinental 
microwave network enables live tele- 
vision to be seen simultaneously in 
3,000,000 Canadian homes. 

There are 50 licensed television 
stations in Canada. Eight are CBC 
stations, two French and six English. 
Forty are privately owned. In addition, 
there are stations at Goose Bay and 
Harmon Field, Nfid., operated by 
U.S. Air Force personnel for service- 
men and civilians in these areas. Tele- 
vision service is now available to some 
80% of the Canadian population. 

Another service that went into 
operation July 1 was the Video Tape 
Relay Centre at Calgary. Owned and 
operated by the CBC, space and dis- 
tribution facilities will be leased to the 
private television stations. 

Live television signals will be receiv- 
ed over the microwave network and 
fed to any of six Ampex VR-1000 
video tape recording machines. After 
an initial playback to monitor the 
quality of the video and audio re- 
cordings, the programs can be trans- 
mitted at suitable times within the 
various time zones. 

The relay centre will handle an 
average of seven hours of program- 
ming daily and using an estimated 
663 miles of video tape per month. 
One hour of programming can be 
recorded on a standard 4,800-foot 
reel of 2-inch video tape. 





COMING EVENTS 


August 
5-8 


18-22 


19-22 


AIEE-IRE Nonlinear Magnet- 
ics and Magnetic Amplifiers 
Conference. Los’ Angeles, 
Calif. 

International conference on 
semiconductors. University of 
Rochester, Rochester, N.Y. 
Western Electronic Show and 
Convention. Los Angeles, 
Calif. 

AIEE Pacific General Meet- 
ing. Hotel Senator, Sacramen- 
to, Calif. 


September 


1-14 


October 


8-10 


13-15 


22-24 


26-31 


pen 





This is the tenth anniversary 
of the transistor and part of the 
history is 
August issue of CEE. A. L. 
Barry of NRC and P. J. Cop- 


review of developments in high 
frequency transistors. 

E. 
about high frequency branching, 
bridging and interconnecting of 
multi-channel radio carrier telé- 
phone systems. 

CEE starts another regular 
feature in August — Nucleonic 
News, a bi-monthly page de- 
voted to important developments 
in the field of nucleonics related 
to electronics. 


Second International Exhibi- 
tion of the Peaceful Uses of 
Atomic Energy. Geneva, 
Switzerland. 

World Power Conference. The 
Queen Elizabeth Hotel, Mont- 
real. 

Power Industry Computer Ap- 
plication Conference. King 
Edward Hotel, Toronto. 
International Nuclear Elec- 
tronics Conference. UNESCO 
House, Paris, France. 
IRE-AIEE Industrial 
tronics Conference. 
Mich. 


Elec- 
Detroit, 


IRE Canadian Convention. 
Exhibition Park, Toronto. 
National Electronics Confer- 
ence. Chicago. 

Fifth National Vacuum Sym- 
posium. San Francisco. 
AIEE Fall General Meeting. 
Pittsburgh, Pa. 


Transistors 
1948 - 1958 : 


traced out in the 


of DRB have written a 





V. Hird of Lenkurt writes : 








CANADIAN ELECTRONICS ENGINEERING JULY 1958 





























BUSINESS REPLY CARD 


Free 


No postage necessary if mailed in Canada 








FIVE CENTS POSTAGE WILL BE PAID BY 


service 


CANADIAN 
ELECTRONICS 
ENGINEERING 


481 University Avenue, 


for our 


Toronto 2, Ontario 


readers : 


please send Se ee 
information 16 17 18 19 20 21 
on these 3! 32 33 34 35 36 

A , 46 47 48 49 50 51 
items: = 4) 62 63 64 65 66 


7 
22 
37 
52 
67 
82 
97 
112 
127 
142 
157 
172 
187 


8 
23 
38 
53 
68 
83 
98 

113 
128 
143 
158 
173 
188 


9 
24 
39 
54 
69 
84 
99 

114 
129 
144 
159 
174 
189 


inside back cover 


10 
25 
40 
55 
79 
85 
100 
115 
130 
145 
160 
175 
190 


11 
26 
41 
56 
71 
86 
101 
116 
131 
146 
161 
176 
191 


12 
27 
42 
57 
72 
87 
102 
117 
132 
147 
162 
177 
192 


13 
28 
43 
58 
73 
88 
103 
118 
133 
148 
163 
178 
193 


104 
119 





15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
180 
195 


outside back cover. 











Keep your reference shelf 76 77 78 79 80 81 
JULY 91 92 93 94 95 96 
. 106 107 108 109 110 111 
up to date this easy way. 1958 mot = 32) 122 123 124 125 126 
valid after 136 137 138 139 140 141 
. PT. 30 151 152 153 154 155 156 
All advertisements, new = 166 167 168 169 170 171 
181 182 183 184 185 186 
products and literature in ’ 
Inside front cover 
this issue have a key name 
number. For more infor- poem 
company 
GE 5 i.ccceeueeeen 
address 





© Circle the key number 











on one of these cards 


@ Print your name, 











advertisers’ index. 


position, address and 
firm, then mail — BUSINESS REPLY CARD 
° e | No postage necessary if mailed in Canada 
postage is paid. 
| 
Some advertisements + FIVE CENTS POSTAGE WILL BE PAID BY 
| 
cannot be numbered . 
due to lack of space ! 
sts — ) ELECTRONICS 
| 
Their key numbers are, l ENGINEERING 
; 481 University Avenue, 
however, given = the Toronto Zz Ontario 
| 
| 
| 





SUBSCRIBE NOW! In Canada 1 year $5 [ 2 years $9 [) U.S. & U.K. $10, 
other countries $20 a year (remit with order). Please initial 

















yy @ © Ht 19 18 Ow 

rmatio 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

afo m 631 32 33 34 35 36 37 38 39 40 41 42 43 44 45 

on these 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

items: 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 

76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 

91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 

JULY 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 

1958 mot 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 

valid after 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 

SEPT. 30 15! 152 153 154 155 156 157 158 159 160 161 162 163 164 165 

. 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 

181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 

Inside front cover inside back cover outside back cover. 
name 
position. 
company 
address 














SUBSCRIBE NOW! In Canada 1 year $5 [] 2 years $9 [) US. & U.K. $10, 
other countries $20 a year (remit with order). Please initial 





BUSINESS REPLY CARD 
No postage necessary if mailed in Canada 








FIVE CENTS POSTAGE WILL BE PAID BY 


CANADIAN 
ELECTRONICS 
ENGINEERING 


481 University Avenue, 


Toronto 2, Ontario 





z 
AB 
ZN 
A 











please send 6s 8&8 #8 6 8BaweHnBReR we 
information 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 
on these 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
items: 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 
76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 
JULY 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 
1958 mot 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 
valid after 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 
SEPT. 30 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 
. 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 
181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 
Inside front cover inside back cover outside back cover. 
name 
position 
company 
address, 











SUBSCRIBE NOW! In Canada 1 year $5 [) 2 years $9 () U.S. & U.K. $10, 





Free 





service | 
for our 


readers 


Keep your reference shelf 
up to date this easy way. 


All advertisements, new 





products and literature in 
this issue have a key 
number. For more infor- 
mation 
@ Circle the key number 
on one of these cards 
@ Print your name, 
position, address and 
firm, then mail — 
postage is paid. 
Some advertisements 
cannot be numbered 
due to lack of space. 
Their key numbers are, 
however, given in the 


advertisers’ index. 





























New design 50 ohm attenuator 


0 to 132 db in 1 db steps— 


% db accuracy full range for low attenuation 
values. Maximum error at full attenuation 2 db. 
“One-knob” control. Super compact design—size 
approximately 214” x 214” x 6”. 

These are characteristics of the new, rugged, sim- 
ple -hp- 355A/B attenuators. 

-hp- 355A provides 0 to 12 db in 1 db steps. -hp- 
355B provides 0 to 120 db in decade steps. To- 
gether, 132 db of attenuation from DC to 500 MC 
is available, with simplest possible controls, pre- 


DC to 500 MC 





-hp- 355A/B Attenuators 


mium accuracy, and no complex setup. A solid- 
shield 50 ohm connector may be used to intercon- 
nect the two attenuators. 


These new -hp- attenuators have balanced capac- 
ities and completely shielded sections. They are’en- 
closed in a sturdy metal case, yet weigh only 1% 
pounds. 


Ask your -hp- representative to show you these prac- 
tical, minimum-space attenuators this week. 


SPECIFICATIONS 


Attenuation: -hp- 355A, 12 db in 1 db steps. -hp- 3558, 120 db 
in 10 db steps 

Frequency Range: DC to 500 MC 

Overall Accuracy: -hp- 355A, 0.25 db, DC to 500 MC. -hp- 
3558, £1 db, DC to 250 MC, +2 db, 250 to 500 MC 

Nominal Impedance: 50 ohms 


Maximum SWR: 1,2 to 250 MC, 1.5 to 500 MC 





Max. Insertion Loss: 0 at DC, 0.4 db at 60 MC, 1 db at 250 MC 
1.5 db at 500 MC 

Power Dissipation: 0.5 watt average; 350 v peak 

Connectors: BNC 

Size: 2-3/16" wide, 2-5/8” high, 6” long. Net weight 1! 
pounds 


Price: -hp- 355A, $125.00. -hp- 3558, $125.00 


HEWLETT-PACKARD COMPANY 
Represented in Canada by 

ATLAS INSTRUMENT CORPORATION, LTD. 

50 Wingold Avenue, Toronto 10, Ontario 

106-525 Seymour St., Vancouver 2, B. C. 

72 Princess Street, Winnipeg, Manitoba 


offers over 350 quality electronic test instruments 
































The Ideal Approach to SSB... 


Generating a clean SSB signal is one thing . . . amplifying 
it to the desired power level with stability and no distor- 
tion is another. A modern Class AB, final amplifier design- 
ed around an Eimac ceramic-metal tetrode is the ideal 
answer to the problem. The Eimac ceramic linear amplifier 
tubes shown above — the 4CX250B, the 4CX300A, the 
4CX1000A and the 4CX5000A — offer the high power 
gain, low distortion and high stability that is needed for 
Class AB, operation. Each has performance-proved re- 
serve ability to handle the high peak powers encountered 
in SSB operation. Efficient integral-finned anode cooler 


and Eimac Air System Sockets keep blower requirements 
at a minimum and allow compact equipment design. And, 
all four incorporate the many advantages of Eimac ce- 
ramic-metal design, which assures compact, rugged, high 
performance tubes. 

The high performance and reliability of Eimac ceramic 
tetrodes make them the logical starting point in the design 
of compact, efficient single sideband equipment. 


EITEL-McCULLOUGH, INC. 


SAN BRUNO CALIFORNIA 


The World’s Largest Manufacturer of Transmitting Tubes 


Canadian Representative: 
R. D. B. SHEPPARD 
2036 Prince Charles Road, Ottowa 3, Canada 


CLASS AB, SSB OPERATION 


4CX250B 


Plate Voltage . . . . 2000¥v 
Driving Power. . . . Ow 
Peak Envelope Power. . 325 w 





4CX300A 4CX1000A 4CX5000A 

2500 v 3000 v 7500 v 
Ow Ow Ow 
400 w 1680 w 11,000 w 





